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I.  INTRODUCTION 


Tyie  objective  of  this  program  la  to  study  the  theoretical  and  synthetic 
problems  of  producing  higher  temperature  superconducting  materials.  The 
program  consists  of  four  principal  sections:  a  th^cpy  section  concerned  with 
the  calculations  of  the  effective  electron -electron  Interaction  in  the 
vicinity  of  large  organic  molecules,  (Calculation  of  Coulomb  screening,  the 
extension  of  band  theory  methods  to  linear  systems  and  the  development  of  means 
of  using  these  properties  for  the  calculation  of  the  transition  temperature  of 
any  superconducting  phases;  a  synthesis  section  Involved  In  the  synthesis  of 
transition  metal  linear  organo-metallic  systems  of  crystalline  or  covalently 
bound  structures  and  with  special  ligand  systems  for  control  of  the  electronic 
environment  of  the  metal  atoms;  an  x-ray  section  for  determining  the  structure 
of  crystalline  samples;  and  an  experimental  section  for  determining  the 
material  parameters  of  the  prepared  materials  as  functions  of  temperature  and 
pressure. 

The  initial  phase  of  the  program  has  been  directed  to  each  of  the 
theoretical  problems  mentioned  above  and  to  developing  synthetic  methods  for 
preparing  various  classes  of  linear  conducting  materials.  Attention  has  been 
directed  to  the  problem  of  obtaining  an  understanding  of  the  basic  electronic 
solid  state  physical  properties  of  single  crystal  linear  organo-metallic  con¬ 
ductive  chains.  Likewise,  attention  has  been  turned  to  the  problem  of 
obtaining  information  on  the  band  edge  from  infra-red  transmission  studies  on 
these  Krogmann  type  materials. 
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II.  THEORETICAL  PROGRAM 

Earlier  we  described  a  diapjrammatic  technique  which  allowed  one  to  calculate 
to  good  accuracy  the  effective  electron -electron  interaction  near  a  single 
polarizable  dye  molecule  (Phys,  Rev.  B  4  ,  8l7,  August  19 "l) .  These  methods 
have  now  been  extended  to  arrays  of  dye-molecules  such  as  would  be  formed  by 
chelating  a  linear  chain  of  transition  metals,  such  as  found  in  the  Krogmann 
salts,  to  a  complex  to  which  were  attached  dye  molecules.  The  glyoxime  system 
described  in  Appendix  A  represents  the  kind  of  complex  which  we  have  in  mind. 

The  single  intense  absorption  band  of  a  single  dye  develops  into  a  band  of  levels 
when  the  dyes  are  brought  close  enough  to  one  another  to  interact  significantly. 
Our  first  problem  has  been  to  compute  the  energy  levels  and  wavefunctions  of 
these  exciton  bands.  A  formal  computation  of  this  is  done  by  carrying  out  a 
configuration  interaction  (C.I.)  calculation  for  each  state  of  given  exciton 
wave  vector  q. 

We  have  considered  the  unit  cell  structure  illustrated  in  Fig.  1  using  the 
known  bond  length  and  angles  for  the  glyoxime  units  and  for  the  dye  molecules. 

We  have  considered  the  situation  with  the  Pt-Pt  distances  in  the  chain  of  5.^^ 
and  with  only  one  Pt  atom/unit  cell.  It  is  quite  possible  that  the  compound 
might  in  fact  form  a  structure  with  two  Pt  atoms/unit  cell  with  'he  second  complex 
rotated  through  90°  about  this  axis,  however,  this  is  expected  to  make  a 
negligible  difference  to  the  results  obtained. 

The  energy  levels  of  the  dye  and  the  many-body  corrected  transition  densities 
were  computed  using  the  methods  developed  earlier.  The  result  obtained  is 
shown  in  Fig.  2.  Noting  that  the  principal  absorption  of  the  isolated  dye  lies 
at  1.89eV  one  sees  that  the  dye-dye  interaction  results  in  a  significant  shift 
of  the  absorption  in  the  array.  For  such  an  array  the  levels  near  q  =  0 
could  be  observed  by  optical  absorption.  The  middle  two  levels  are  allowed 


Fig.  2  Calculated  exciton  energies  of  dye  arrays  for 
wave-vectors,  q  along  Pt  chain  direction. 
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while  the  upper  and  lower  levels  are  forbidden  to  first  order. 

With  this  information  available  on  the  energies  and  wave  fund  Ions  of  the 
exciton  states  it  was  now  possible  to  calculate  the  effective  electron -electron 
Interaction  in  the  vicinity  of  the  array  of  molecules.  For  this  we  need  to 
know  the  extent  to  which  the  higher  excitations  of  the  dye  screen  the  Coulomb 
field.  A  reasonable  approximation  can  be  made  in  this  case  for  these  higher 
excitations  have  a  transition  density  which  has  a  rather  small  spatial  extent 
in  the  molecule  so  that  the  dye-dye  interaction  is  very  weak.  Ttie  resultant 
exciton  band  is  narrow  and  one  can  thus  ignore  this  small  perturbation  upon 
the  energy  levels  of  an  Isolated  dye.  By  making  this  approximation  the  C.  I. 
calculation  for  all  the  higher  levels  is  avoided  without  significant  loss  of 
accuracy. 

Our  procedure  has  been  to  proceed  as  follows.  We  treat  the  electrons  in 
the  Pt-chain  or  spine  in  the  LCAO  approximation  and  calculate  the  Coulomb 
Interaction  for  a  momentum  transfer  q.  In  order  to  do  this  we  need  to  know 
7ii  for  Pt  atoms  l.e.  the  Interaction  between  a  pair  of  electrons  on  the 
same  Pt  atom.  Using  the  Parlser  approximation  which  relates  yn  to  the 
ionization  energy  and  the  electron  affinity  we  compute  /n  to  be  6.05eV 
for  Pt.  We  use  this  then  in  the  Mataga-Nlshlmoto  formula,  ®^/(r-Mi)  for  the 
bare  interaction,  where  —  =  7ii.  For  this  we  have  used  the  bare  Coulomb 
interaction  but  have  considered  only  short  chains  of  about  50A  in  length  in 
view  of  the  computational  cost.  For  q  appreciably  less  than  l/jO  A"^  we 
expect  the  result  to  be  virtually  independent  of  the  length  of  the  chain. 
However,  for  large  q  we  expect  a  sl»Tnificant  error  because  as  q  -♦  0  the 
interaction  diverges  for  a  single  chain.  To  obtain  correct  results  near  q=0 
for  the  physical  situation  in  the  Krogmann  salts  in  which  we  have  a  parallel 
array  of  linear  chains,  it  Is  essential  that  the  screening  of  these  adjacent 


chains  be  taken  Into  account.  This  is  our  prlM  problem  at  the  moment  and  ve 
will  dlsc'ioo  it  again  later. 

Secondly,  we  calculated  the  screening  of  the  Couloidb  field  which  results 
from  the  response  of  the  tilgher  energy  excitations  of  the  dye.  Tills  is  done 
in  the  approximation  discussed  earlier  whereby  we  neglect  the  dye-dye  interaction. 
For  this  calculation  we  again  use  the  bare  Couloiib  intemctinn  rather  than  the 
spine-screened  interaction.  Ihese  results  are  expected  to  be  less  affected  by 
this  approximation  for  the  spine-dye-spine  interaction  Is  proportional  to  the 
square  of  a  dipole  interaction  and  thus  falls  off  very  rapidly  with  distance 
even  in  the  absence  of  screening. 

Then  finally  we  calculate  the  frequency-dependent  exclton  interaction  arising 
from  the  low-lying  excited  states  of  the  dye  taking  into  accouitthe  exclton 
energies  and  wavefunctlons.  The  results  obtained  for  each  of  the  above  term; 
is  given  in  Fig.  Ihere  are  several  points  worth  stressing. 

First,  the  net  electron-electron  interaction  for  small  values  of  q  is 
significantly  reduced  by  the  presence  of  the  dyes.  For  the  case  considered 
here  the  interaction  is  only  slightly  positive,  however,  we  have  neglected  the 
screening  of  the  Coulonib  field  by  the  spine-electrons  and  thou^  this  would 
greatly  weaken  the  main  Coulomb  term  it  would  also  weaken  to  some  extent  the 
excitonlc  term.  It  is  thus  of  prime  importance  to  determine  with  rea*’ enable 
accuracy  tne  screening  of  the  adjacent  chains. 

Secondly,  we  sco  that  the  excltonlc  interaction  falls  off  quite  xapidly 
witii  increasing  q  so  that  at  momentum  transfers  cosvarable  to  the  reciprocal 
of  the  Pt-Pt  spacing  it  is  negligible.  Tais  is  reasonable  in  view  of  the  large 
separation  between  dye  and  Ft  atom. 
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F!g.  5  Coaputed  effective  electron-electron  Interaction 
due  to  unscreened  Couloab  field,  screening  due  to 
■  c’tcitations  and  cxeit^nic  tern  at  to  =  0  and 
=  1.  eV.  Wave  vector  q  is  along  Pt-chain  direct.! 


Ttilrdly,  we  see  Mint  the  higher  excitations  of  the  dye  weaken  significantly 
the  net  Coulomb  Interaction.  These  dye  excitations  make  the  dye  array  behave 
as  if  It  were  a  medium  with  a  dielectric  constant  of  about  2,3. 

We  are  now  directing  our  main  effort  towards  obtaining  a  reasonable 
approximation  to  the  screened  Coulomb  Interaction.  This  Is  being  done  by  an 
extention  of  work  originally  done  by  C.  G.  Kuper  (Phys.  Rev.  l^jQ.  IS9  (1969)) 
on  single  filaments  and  on  filamentary  arrays  by  I.  Dzyaloshlnsky  and  E.  Kats 
(JETP  17^  (1969)).  We  plan  as  a  first  approximation  to  use  the  Thomas- 
Ferml  a  proxlmatlon  to  compute  the  screening. 

Band  Iheorv 

Tills  phase  of  the  work  is  proceeding  toward  calculating  wave  functions 
and  energy  levels  describing  the  electrons  in  the  conducting  spine.  The 
states  to  be  described  are  those  whose  interactions  with  the  dye  molecules 
will  be  calculated  later  using  the  effective  interaction  discussed  above. 

In  principle  the  computation  is  carried  out  as  an  energy  band  calculation 
in  a  metal.  Wavefunctlons  satisfying  Bloch* s  theorem  are  found  for  the  linear 
lattice.  Tliere  are  two  aspects  of  this  particular  system  that  require  special 
attention.  Tlie  first  Is  the  large  number  of  atoms  per  unit  cell,  and  the 
second  Is  ‘he  linear  nature  of  the  system. 

A  convenient  band  theory  method  for  handling  many  atoms  per  unit  cell  is 
the  Green's  function  method  developed  by  Korringa,  and  later  by  Kohn  and 
Rostoker.  The  dominant  feature  of  the  method  is  the  partitioning  of  space 
ln‘o  two  regions.  The  first  Is  the  primarily  atomic-like  region  around  each 
nucleus  where  the  potential  seen  by  each  electron  is  assumed  to  be  spherically 
symmetric,  composed  of  the  spherically  symmetric  potential  from  the  free  atom 
plus  M’.e  contribution  from  the  other  atoms  which  is  spherically  symmetric  about 
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the  atom  considered.  The  second  region  is  the  interatomic  region  in  which  the 
potential  is  simplified  to  be  a  constsuit  equal  to  its  average  value.  The 
potential  here  is  the  self  consistent  field  Hartree-Fock-Slater  one  electron 
potential.  Wave  functions  are  computed  in  each  region  and  matched  at  the 
boundaries.  Care  is  taken  to  ensure  that  Bloch’s  theorem  is  satisfied. 

Recent  work  by  K.  H.  Johnson  applying  the  Green's  function  method  to 
isolated  molecules  has  allowed  this  calculation  to  proceed  in  two  steps.  Here, 
the  work  will  proceed  first  by  obtaining  wavefunctions  for  an  isolated  unit 
cell;  then  by  modifying  these  calculations  to  carry  out  a  full  band  calculation 
for  the  periodic  potential. 

This  latter  extension  involves  the  second  aspect  of  the  problem  referred 
to  above.  Since  the  method  used  is  a  Green's  function  technique,  it  involves 
obtaining  the  value  of  the  wavefunctions  at  a  particular  point  by  integrating 
over  the  surface  bounding  the  volume  containing  the  point.  In  the  case  of  our 
approximate  potential,  one  obtains  the  wavefunctions  by  integrating  over  the 
surfaces  of  all  atomic  spheres,  then  demanding  continuity  of  the  wave  function 
as  the  point  in  consideration  approaches  one  of  the  spherical  surfaces. 
Integrating  over  all  spheres  in  the  problem  thus  becomes  a  sum  of  contributions 
from  integrals  over  the  linear  array  of  spheres.  The  primary  modification  of 
the  first  step  of  the  calculation  to  the  second  involves  these  sums.  New 
simplifications  in  the  computation  of  the  these  so-called  lattice  sums  have 
recently  been  investigated  and  are  being  tested  in  the  present  systems. 

Two  computer  programs  have  now  been  completed  to  handle  the  two  aspects 
of  tne  work,  and  are  now  being  applied  to  the  problem.  The  purely  molecular 
program  has  been  tested  on  simple  systems  and  is  ready  to  apply  to  complex  unit 
cells.  The  second  program,  handling  the  band  structure  problem  is  at  present 
being  tested  on  simple  model  systems. 


The  Superconducting  Gap  in  a  Semiconductor 


TT^ie  Krogmann-type  materials  appear  to  be  semiconducting  rather  than 
metallic  so  it  was  thought  useful  to  make  some  model  calculations  of  the 
superconducting  gap  as  a  function  of  the  magnitude  of  a  semiconductor  gap  Eg 
In  the  energy  levels  of  the  electron  system.  The  results  obtained  give  us  a 
rough  guide  as  to  the  strength  of  the  effective  interaction  needed  to  overcome 
this  gap.  We  find  that  in  the  approximation  of  the  model  that  Eg  must  be  less 
than  A(o)/2  where  A(o)  is  the  superconducting  gap  in  the  absence  of  a  semi¬ 
conductor  gap.  This  work  is  discussed  below. 

The  BCS  theory  of  superconductivity  gives  the  following  result  for  the 
energy  gap  equation: 


1 
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where  -V<0  is  the  attractive  pairing  potential  between  two  electrons  whose 
energies,  ej^,  lie  below  a  cutoff  frequency,  0)^.  Replacing  the  sum  by  an 
integral  gives 

N(  e)  de 
[e^  + 


In  the  usual  case  we  assume  a  constant  density  of  states,  N^,  the  value  at  the 
Fermi  level,  u.  The  consequence  is  that  the  superconducting  gap  is  given  by 

Ad  =  ‘Oc/sinh  [  ]. 

In  order  to  treat  a  material  with  a  lemiconductor  gap  extending  above  and  below 
the  Fermi  energy  by  Eg<  co^,  we  can  assume  as  a  first  approximation  that  the 
density  of  states  remains  constant  and  all  states  with  |ej^|<Eg  are  removed. 


The  graph  shows  the  superconductor  gap  as  a  function  of  the  semiconductor 
gap;  both  are  given  as  a  fraction  of  the  cutoff  frequency. 

For  NqV  <  the  superconductor  gap  Is  given  by 

=  (A^(o)  -  2EgA(o))^^2 

where  A(o)  Is  the  value  of  the  superconductor  gap  when  the  semiconductor  gap 
goes  to  zero.  This  result  follows  from  the  constant  density  approximation.  As 
the  graphs  show,  as  N^V  decreases  both  approximations  give  the  same  result,  for 
Aq  as  a  function  of  Eg.  Hence,  Eg  must  be  less  than  A(o)/2. 

In  a  different  model  (W.  A.  Little,  Phys.  Rev.  A154.  l4l6  (1964))  where 
the  density  of  states  are  peaked  at  the  semiconductor  band  edge  one  obtains  the 
condition  that  Eg  must  be  less  than  A(o) .  Thus  we  expect  that  In  general,  the 
condition  would  be  that  Eg  must  be  less  than  CiA(o)  where  a  Is  a  constant  of 


order  unity. 


00 


(0 


Fig.  5  Superconductor  Gap  ve.  Semiconductor  Gap 


Fig.  5  cont.  Superconductor  Gap  vs.  Semiconductor 
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m.  SYNTHETIC  PROGRAM 


Summary 

The  synthetic  portion  of  this  project  is  directed  towards  the 
preparation  of  materials  to  serve  as  the  conducting  spine  in  Little's 
exiton  model.  All  of  our  efforts  are  directed  towards  substances  which 
have  linear  chains  of  covalently  bonded  metal  atoms.  Our  synthetic 
efforts  can  be  divided  into  two  portions--the  first  concerned  with 
materials  which  have  metal-metal  bonds  or  interactions  along  the  principal 
axis  in  the  crystalline  state;  and  the  second  materials  which  are  molecular 
polymers  with  backbones  comprised  entirely  of  covalently  bonded  metal 
atoms. 

Materials  of  the  first  type  are  easier  to  prepare  and  serve  as 

substrates  for  on  going  electron  transport  measurements,  providing 

experimental  data  which  relate  to  theoretical  questions  concerning  one 

dimensional  conductors.  The  so-called  Krogmann  complexes  are  non- 

stoichiometric  complexes  of  third  row  transition  elements  such  as  platinum 

and  iridium  in  which  the  central  metal  has  on  the  average  an  oxidation 

7  7-79 

state  corresponding  to  the  electronic  configuration  d  *  *  .  These 

O 

materials  are  characterized  by  (ca.  2.85  A)  intermetallic  distances 
approximately  equivalent  to  the  summation  of  single  bond  radii.  These 
substances  exhibit  high  conductivity  of  the  semiconductor  type  along  the 
intermetallic  axis  and  are  characterized  by  polarized  electronic 
absorption  into  the  far  infrared  region. 
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We  have  been  exploring  two  classes  of  Krogmann-type, 
nonstoichiometric  compounds- -one  comprised  of  anionic  metal  chains 
incompassed  by  ligands  such  as  oxalate  or  cyanide  and  surrounded  by  alkali 
metal  counterions  to  give  electrical  neutrality  and  the  other  being 
electrically  neutral,  having  no  ionizable  anions  or  cations.  The  first 
class  is  illustrated  by  *  ^2^  K2[Pt(CN)^BrQ  ^q]*  2.  3  H^O. 

The  latter  class  is  illustrated  by  lr(CO)2  derivatives  of  this 

substance  in  which  neutral  or  anionic  ligands  have  replaced  carbon 
monoxide  and  chloride  respectively.  It  is  now  recognized  that  for  our 
purposes  the  ionic  Krogmann  salts  have  severe  disadvantages.  Single 
crystals  are  difficult  to  obtain  with  the  exception  of  the  cyanide  salt.  These 
ionic  crystals  are  degraded  by  loss  of  waters  of  hydration  when  placed 
in  vacuo  or  under  low  humidity.  These  substances  appear  to  exhibit  an 
ionic  as  well  as  an  electronic  conductivity  and  in  some  cases  above  a 
certain  potential  electrolysis  of  counterions  such  as  bromide  is 
observed.  Finally,  the  chains  in  these  crystalline  lattices  are  tightly 
bound  through  ionic  coordination  such  that  the  introduction  of  cationic  dyes 
appears  to  disrupt  the  crystalline  lattice. 

It  appears  that  in  the  case  of  the  molecular  Krogmann-type  complexes 
each  of  these  difficulties  is  obviated.  These  substances  are  more  amenable 
to  chemical  modification  and  it  is  hoped  that  dye  molecules  can  be 
introduced  without  disrupting  the  intermetallic  chain.  We  also  intend  to 
prepare  molecular  nonstoichiometric  compounds  in  which  the  accompanying 
ligands  are  of  sufficient  girth  to  separate  the  metal  chains  so  that  we  can 


-IC~ 


explore  the  effect  of  the  intermetallic  chain  separation  on  electron 
screening. 

The  ionic  Krogmann  salts  are  being  studied  by  Dr.  Lin.  Preliminary 
exploration  of  the  molecular  Krogmann  salts  has  been  carried  out  by 
Dr.  Valentine  and  will  be  extended  by  Mr.  MacLaury. 

As  "frontal  assault"  on  the  problem  of  introducing  dyes  into 
linear  conductors,  Drs.  Tammo  Winkler  and  Carl  Mayer  have  explored 
synthetic  routes  designed  to  introduce  cyanine  dyes  into  the  glyoxime 
group.  If  these  dye  substituted  ligands  form  platinum(Il)  complexes 
similar  to  the  simple  dialkyl  glyoximes,  we  shall  have  in  hand  the  first 
example  of  an  intermetallic  chain  surrounded  by  highly  polarizable  organic 
molecules.  The  synthesis  of  the  requisite  ligand- -dye  combination  has 
reached  an  advanced  stage. 

Dr.  SanFilippo  has  attempted  to  develop  a  selective  germanium- 
germanium  coupling  reaction.  To  date,  these  experiments  have  been 
unsuccessful  but  such  explorations  will  continue  inasmuch  as  chains 
comprised  in  part  of  germanium  oligomers  are  expected  to  have  the 
desired  electrical  properties  along  with  high  chemical  stability. 

SanFilippo  has  also  attempted  to  prepare  rhodium  analogs  of 
the  cobalt  co-linear  trimetallic  monomer,  SnCoSn,  described  in  the 
last  report.  Using  the  same  uni-valent  tetradentate  Schiff-base  ligand, 
DOH,  SanFilippo  attempted  to  prepare  rhodium(lll)  derivatives.  So  far 
these  experiments  have  been  unsuccessful  but  attempts  will  continue 
towards  this  very  attractive  goal.  Such  a  monomer  is  expected  to  have 
great  chemical  stability  as  well  as  desirable  electron  transport  properties. 
There  seems  to  be  no  intrinsic  bar  to  a  successful  synthesis. 
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SanFilippo's  report  contains  an  account  of  exploratory  itudlei  of 
quadruple  metal -metal  bonds  involving  rhenium,  molybdenum,  and 
tungsten.  Practical  synthetic  methods  have  been  developed  for  the 
preparation  of  large  quantities  of  these  materials.  An  Interesting 
side-light  of  this  chemistry  is  the  isomerism  arising  from  the  high 
rotational  barrier  imposed  by  the  if  bond.  As  manpower  permits, 
further  experiments  will  be  carried  out  on  these  quadruple  metal-metal 
bonds  in  the  hope  of  fashioning  a  co-linear  Intermetallic  monomer.  The 
question  of  electron  transport  through  possibly  conjugated  metal-metal 
multiple  bonds  is  itself  a  very  interesting  theoretical  problem.  There  is 
to  date  no  reliable  model  relating  the  electron  transport  properties  of 
intermetallic  chains  with  the  nature  of  the  bonding  and  nonbonding  orbitals 
in  these  chains. 

Mr.  Murphy's  work  on  this  synthesis  and  polymerlaatlon  of  co- 
iinear  trimetallic  monomers  continues.  A  new  system  containing  the 
co-linear  arrangement  tin-osmium-tin  has  been  prepared.  To  date,  the 
chemical  literature  contains  no  information  regarding  the  synthesis  of 
chemical  properties  of  a  tin  hydride  bearing  a  transition  metal  bonded  to 
tin.  On  the  basis  of  our  earlier  results,  we  anticipated  that  such  tin 
hydride  bonds  would  be  very  reactive.  Murphy's  recent  work  indicates 
that  these  bonds  are,  in  fact,  quite  stable.  Working  with  a  model  compound, 
Murphy  has  been  able  to  isolate  and  characterize  two  such  substances. 

He  is  exploring  the  coupling  reaction  of  this  functional  group.  Murphy  has 
also  uncovered  a  related  coupling  reaction  in  which  an  osmium  hydride 
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reactf  with  a  tin  nmido  derivative  affording  a  tin  oimlum  bond  in  high 
yield!.  This  reaction  offers  the  possibility  of  forming  polymers  which 
contain  alternating  osmium  tin  bonds.  The  osmium  tin  bond  is 
apparently  very  much  stronger  than  the  tin-tin  bond.  The  latter  linkage 
would  be  present  throughout  any  polymer  prepared  by  the  tin  hydride 
coupling  reaction.  A  refined  three-dimensional  X-ray  diffraction  study 
of  Murphy's  tln-osmium-tin  system  has  been  completed  by  Professor 
Fleischer.  This  structure  confirms  the  co-linear  arrangement  deduced 
from  vibrational  spectroscopy.  The  tin -osmium  bond  length  is 
considerably  shorter  than  the  summation  of  covalent  radii--suggesting 
the  possibility  of  multiple  bonding.  It  is  precisely  this  type  of  d-d 
ir-bonding  which  we  expect  to  transmit  the  conduction  electrons. 
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During  this  period,  we  have  continued  our  studies  on  the  ionic 
Krogmann  compounds.  Large,  single  crystals  of  the  cyano  complex, 
K2Pt(CN)^ClQ  ^*2.6H20,  have  been  grown  and  their  crystallographic 
structure  was  studied  by  Professor  Fleischer.  Electrical  conduc¬ 
tivity  along  the  metal-metal  chain  has  been  measured,  and  electron 
probe  microanalysis  on  these  crystals  has  also  been  carried  out. 

At  the  same  time,  in  the  search  for  further  examples  of  Krogmann 
class  compounds,  we  have  synthesized  and  studied  a  number  of 
square-planar  complexes  with  ligand  systems  closely  resembling 
the  cyano  and  oxalato  ligands  in  the  known  partially  oxidized  Krog¬ 
mann  compounds. 

Partially  Oxidized  Platinum  Cyano  Compound,  KyPt(CN)^Cl^  ^»2.6HyO 

This  salt  was  prepared  according  to  Krogmann  and  Hausen^.  A 
solution  of  K2Pt(CN)^  (about  16  mmole)  was  saturated  with  chlorine, 
the  excess  chlorine  being  boiled  off.  The  resulting  solution  was 
heated  almost  to  dryness,  whence  pale  yellow  crystals  of  K2Pt(CN)^Cl2 
deposited.  This  was  to  make  sure  that  the  dichloro  compound  was 
the  only  product  formed.  Slow  evaporation  of  an  aqueous  solution 
containing  the  complex  salts  K2Pt(CN)^Cl2  and  K2Pt(CN)^  in  a  molar 
ratio  of  1  : 5  gave  needles  with  a  coppery  sheen  and  having  the  compo¬ 
sition  K2Pt(CN)^Cl  03-2.  6H2O. 
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Crystals  of  these  cyano  compounds  were  much  larger  than 
the  corresponding  partially  oxidized  oxalato  compounds  which 
wo  previously  reported^.  They  were  usually  of  the  dimension 
Z  X  0.  1  X  0.  1  mm.  Larger  crystals  (up  to  2  x  1  x  1  mm) 
were  obtained  by  setting  the  aqueous  solution  containing  the 
c  rude  product  aside  for  several  weeks.  Conductivity  measure¬ 
ments  along  the  other  two  dimensions  of  vhe  crystals  are 
currently  being  carried  out.  X-ray  crystallographic  studies 
have  been  done  by  Professor  Fleischeri  and  the  Pt-Pt  distance 
was  found  to  be  2*88A. 

During  the  course  of  electrical  conductivity  measurements 
on  single  crystals  of  K2Pt(CN)^ClQ  2.  611^0  ,  we  have  ob¬ 
served  an  oxidation-reduction  reaction.  After  the  application 
of  a  D.  C.  voltage  of  >6  volts  to  the  crystal*  there  was  a  color 
change  at  the  anode  end  of  the  crystal*  from  the  metallic  copper 
color  of  the  original  compound  to  a  greyish-white  color  with  no 
metallic  luster.  Electron  probe  microanalysis  shows  that  in 
the  original  crystal*  K2Pt(CN)^ClQ  j*2.6H20*  the  K"*”  and  Cl’ 
contents  are  constants  throughout  the  whole  length  of  the  crystal* 
corresponding  to  18%  K  and  2.  5%  Cl  *  in  excellent  agreement 
with  the  results  obtained  by  chemical  microanalysis.  However* 
the  greyish-white  end  of  the  crystal  has  a  much  lower  Cl’ 
content  than  that  of  the  original  compound*  while  the  content 
remains  the  sime  (18%)  throughout  the  entire  crystal.  At 
present,  we  are  growing  bigger  single  crystals  of  the  oxalato 
complex,  Kj  6^*^^2^4^2  *  similar  study  will  be  carried 

out  to  see  if  the  K+  content  changes  after  the  application  of  a 
D.  C.  voltage.  This  would  enable  us  to  draw  a  conclusion  as  to 
the  mechanism  for  the  reported  reaction. 
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Copper  (III)  and  Nickel  (III)  Complcxea  of  Biuret  and  Oxamide 


1 


o 


o 


o 


o 


k^\J 


o 


o 


(a)  Oxalato  complex 


(b)  Oxamidato  complex 


(c)  biuretato  complex 


R=H,  n-propyl,  phenyl, 
or  dye. 


The  oxamid  and  biuret  ligand  systems  closely  resemble  the 
oxalate  ones  found  in  the  Krogmann  complexes  (see  figs,  a,  b,  and 
c).  They  form  complexes  of  Cu(II)  and  NL(II),  with  the  compositions 
of  K2Cu(bi)2i  K2Ni(bi)2  and  K2Cu(oxam)2»  which  can  further  be 
oxidized  by  K2S20g  to  give  deeply-colored,  highly  insoluble  square- 
planar  complexes  KCu(bi)2.  KNKbi)^  and  KCufoxam)2  respectively^. 
We  prepared  the  biuret  complexes;  KCu(bi)2  was  dark  brown  and 

KNi(bi)_  was  blue-black.  The  electrical  conductivity  of  a  powder 

^  -9  -1 

pellet  of  KNi(bi)  at  room  temperature  was  found  to  be  ~10  ohm  cm 

2 

However,  the  extremely  low  solubility  of  the  salts  hamper  further 
study.  We  are  now  currently  preparing  analogous  complexes  derived 
from  the  alkyl-substituted  biuretate  ions  (of  the  type  HNCONRCONH) 
which  are  soluble  in  acetone,  alcohol  and  DMSO  with  the  hope  of 
attaching  a  dye  molecule  in  the  ligand  system  eventually. 


-1 
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Nickel  Complexes  Derived  from  Pyrrole-Z-carbaldehyde  and  Aliphatic 
and  Aromatic  Diamines. 


4 

It  was  reported  that  diamines  react  with  two  moles  of  pyrrole- 
2-carbaldehyde  giving  potential  chelating  ligands  containing  four 
nitrogen  donor  atoms,  two  of  which  each  carry  a  labile  proton. 
Oeprotonation  of  these  ligands  in  the  presence  of  Ni^^  ions  gave 
square-planar  complexes  (see  Fig.  d).  By  changing  the  bridging 
group  B,  the  size  and  nature  of  the  central  chelate  ring  of  the  tricyclic 
ligand  system  can  be  varried. 


We  have  successfully  prepared  the  complexes  of  Nifll)  with 
B=l,  2-diaminoethane  and  1,  2-diaminobenzene.  Both  complexes  are 
nice  crystalline  compounds,  being  brick-red  and  dark-red  in  color 
respectively.  Further  work  has  to  be  done  along  this  series,  and 
we  plan  to  synthesize  the  corresponding  complexes  of  Pd(ll)  and 
Pt(II)  as  an  initial  step  of  preparing  potential  Krogmann  class  com¬ 
pounds. 
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THE  OYNTHESn:  OF  STACKED  SQUARE-PLANAR 
IRIDIUM  COMPLEXES 


August,  1971 
Joan  Valentine 


Introduction 


This  report  deals  with  attempts  to  prepare  neutral  iridium  com¬ 
plexes  which  exist  in  crystal  forms  as  columnar  stacks  of  metal  atoms 
with  strong  metal-metal  interactions.  Recently  anisotropic  semi¬ 
conducting  properties  along  the  long  axis  of  crystals  of  such  materials 

1-5 

have  been  demonstrated. 

The  model  complex  for  such  preparations  is  "Ir(CO)^Cl"  which  has 
recently  been  reassigned  the  stoichiometry  Ir(CO),  qCI 

This  complex  is  thought  to  exist  as  a  long  chain  of  stacked  square 
planar  Ir(CO)^Cl  groups  with  occasional  IrlCOj^Cl^  groups  (see  Figure  1)^. 
The  short  metal -metal  distance  (2,8 Sl  )  indicates  a  bonding  metal- 
metal  interaction.  This  can  be  contrasted  with  the  stacked  complex 
Ir(CO),(acac)  where  the  Ir-Ir  distance  is  3.  20 A.  ^  Room  temperature 

“  7  1  1 

conductivity  of  "Ir(CO)3Cl"  has  been  measured  as  10"*  ohm  cm"'* 
along  the  needle  axis.^  Unfortunately  this  complex  is  totally  insoluble 
and  thus  large  crystals  cannot  be  grown.  Moreover  there  is  no  way  to 
introduce  dyes  into  the  crystal  to  teat  their  effect  on  conduction  properties 

Q 

as  predicted  by  Little's  theory. 

The  synthetic  approach  to  developing  complexes  analogous  to 
"Ir(CO)3Cl"  has  been;  1)  reaction  of  "Ir(CO)3Cl"  with  chlorine  in  the 
hope  that  a  different  Ir(CO)^Cly  might  be  soluble,  2)  reaction  of 
"Ir(CO)3Cl''  with  g^-toluidine  to  form  "Ir(CO)3LCr'  in  the  hope  that  this 
might  exist  in  a  nonstoichiometric  form  and  thus  allow  an  attachment 


FIGURE  1 
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point  for  dyes  and  3)  reaction  of  Ir(C0)2(acac)  with  small  amounts  of 
chlorine  in  the  hope  that  chlorine  atoms  will  substitute  for  CO  in  a 
partially  oxidized  form.  ^ 

Experimental* 

All  reactions  were  carried  out  under  argon  in  dry  solvents  deaerated 
with  a  stream  of  argon.  Infrared  spectra  were  obtained  in  KBr  pellets 
on  a  Perkin-Elmer-457  Grating  Infrared  spectrophotometer.  Ele¬ 
mental  analyses  were  performed  by  the  Stanford  Microanalytical  Lab¬ 
oratory.  Iridium  trichloride,  IrCl3  •  4H20(  52.  OO^Ir),  was  obtained  from 
Mathey  Bishop.  IrBr3  •  4H2O  (38.  33%Ir)  and  K2lrCl^  (41,  08%Ir)  were 
obtained  from  Engelhard.  3-Methylacetylacetone  was  obtained  from 
K  +  K  Laboratories.  ^-Toluidine  was  obtained  from  Aldrich.  Cyclo- 
octene  was  purified  by  passage  through  silica  gel.  Chloro-bis-cyclo- 
octeneiridium  dimer,  Ir2(cyclo-CgH)4)4Cl2,  was  prepared  (p53)  as 
follows;  Cyclooctene  (8  ml),  isopropyl  alcohol  (20  ml)  and  distilled 
water  (60  ml)  were  deaerated  with  a  stream  of  argon.  K2lrCl^(  4.  4g) 
wa  s  added  and  the  mixture  was  refluxed  with  vigorous  stirring  under 
argon  for  2-3  hours  until  the  brown  solution  had  become  a  pale  green 
solution  mixed  with  an  orange-yellow  oil.  The  mixture  was  cooled  to 
20°  C  and  the  solution  decanted  from  the  oil.  The  oil  was  crystallized 
by  trituration  with  deaerated  ethanol,  filtered,  washed  with  ethanol,  and 
dried  in  vacuum.  Yield:  3g  (7  5%). 

0 

"Chlorotri carbonyliridium",  Ir(CO)3Cl  or  Ir(CO)2  gCl^  (p.  1-4,  16) 

Iridium  trichloride,  IrCl^>  ^^2^*  dissolved  in  15  ml  H2O  was 

mixed  with  15  g  silica  gel  (40  -  140  mesh)  and  dried  overnight  in  a  vac¬ 
uum  oven  at  120°  C.  The  silica  gel  mixture  was  placed  between  two 
glass  wool  plugs  with  a  thermometer  inserted  in  it  in  a  20  x  500  cm 
pyrex  tube.  Chlorine  gas  was  passed  through  and  the  tube  heated  to 


# 
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150 °C  I  1  a  tube  furnace  until  no  water  coudenaed  In  the  cool  end  of  the 
tube  (Mt  •  2  hours).  The  water  waa  wiped  off  periodically.  The 
gas  was  changed  to  CO  and  the  teRiperature  raised  to  180 *C.  Within  an 
hour  a  r:opper -colored  metallic  material  had  started  to  condense  in 
the  cool  portion  of  the  tube.  Over  a  period  of  several  days  a  material 
resembling  dirty  glass  wool  deposited  In  the  tube.  This  was  scraped 
out  several  times  during  the  reaction.  Yield  varied  from  20  to  80 
percent.  Control  of  the  temperature  appeared  to  be  crucial.  Regen¬ 
eration  of  the  silica  gel  b^  passage  of  chlorine  at  150 *C  once  a  day 
appeared  to  Increase  the  rate  of  condensation  but  not  necessarily 
the  yield.  The  material  thus  obtained  was  used  as  a  starting  material 
in  further  reactions  even  if  contaminated  by  silica  gel.  The  mate¬ 
rial  could  be  reaublimed  in  a  stream  of  CO  at  180 ‘C.  The  best  crystals 
obtained  in  all  cases  appeared  under  magnification  to  be  bunches  of 
hair -like  needles.  I.  R. :  2070(s),  573(w),  507(s),  465(S  ),  a80(w), 

320(  w)j  broad  absorption  4000  -  800  cm~^. 

The  material  appears  to  be  totally  Insoluble  In  noncoordinating 
solvents.  In  chlorobenzene  at  190”C  under  40  lbs  of  CO,  the  material 
appeared  to  dissolve  but  upon  cooling,  the  material  was  a  very  fine 
black  powder  whose  Infrared  spectrum  showed  some  decomposition. 

When  'Tr(CO)jCr'  is  needed  as  a  starting  material  (see  below), 
a  much  more  easily  obtained  and  cheaper  starting  material  is  prefer¬ 
red  (p.  51,  54).  Ir2(cyclo-CgH^^)^Cl2  was  suspended  in  hexane 
(<vi  mg /ml).  CO  was  bubbled  through  the  solution  until  all  the  start¬ 
ing  material  had  been  converted  to  a  black  precipitate  and  the  solution 
was  nearly  colorless.  This  material  was  filtered  Immediately  washed 
5  times  with  hexane,  and  dried  quickly  with  a  stream  of  argon.  The 
product,  a  black-red  shiny  powder  (0.  5  mg  per  mg  starting  material) 

has  an  infrared  similar  to  "Ir(CO),Cl".  I.R.:  2140(  w),  207 0(  s), 

^  -1 
573(w),  507(s),  465(t),  380(w),  320(  w),  broad  absorption  4000-800  cm  . 

Analysis  (JV -23):  Found  C,  10.70;  H,  0.41;  Cl,  10.64;  Ir,  60.79. 

Calculated  for  Ir(CO)^Cl  C,  11.5;  H,  0.0;  Cl,  11.4;  Ir,  61.4. 

This  material  must  be  used  at  once  for  further  reaction.  It  ap¬ 
peared  to  decompose  in  24  hours  under  vacuum  to  a  material  that 
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abtorbed  throughout  the  infrared  with  a  featureleis  ipectrum  and  which 
reacted  only  ilightly  with  3-methylacetylacetone  to  give  Ir(CO)2(3-Me  acac). 
Freshly  prepared  material  reacted  with  acetylacetone  and  £-toluidine 
to  give  the  desired  complexes  in  approximately  one-tenth  of  the  time 
required  for  the  material  produced  by  the  silica  gel  method  (see 
below). 

'Bromotricarbonyliridium",  lr(CO)^Br  ?  (p.  34-35). 

Preparation  of  bromotricarbonyliridium  using  IrBr^*  4H2O  was 
analogous  to  that  of  the  chloro  complex.  IrBr^  •  4H2O  (2  g)  dissolved 
in  150  ml  water  was  mixed  with  25  g  silica  gel  and  dried  in  a  vacuum 
oven  at  85*C  overnight.  HBr  was  used  in  place  of  chlorine  to  dry  the 
silica  gel  mixture.  In  2  -  3  days,  600  mg  (60%)  of  product  identical  in 
appearance  to  the  chloro  analogue  had  condensed  in  the  tube.  The  prod¬ 
uct  was  resublimed  at  160*  C  in  a  stream  of  CO.  I.  R. ;  208 0(  ■), 

580(w).  495(s).  463(s).  385(w).  broad  absorption  4000  -  1200  cm~^ 

Analysis  (JV-2):  calculated  for  Ir(CO)jBr,  C,  10.01;  H,  0.0;  Br, 

22.4;  Ir.  54.0.  Found  C,  10.11;  H,  0.0;  Br,  23.73;  Ir,  51.68. 

The  yellow  material  left  behind  in  the  silica  gel  is  soluble  in 
THF.  This  material  which  may  be  lr(CO)2Br2  referred  to  in  ref.  10 
was  not  isolated. 

2,4-Pentanedionatodlcarbonyliridium\  lr(CO)y(acac)  (p.  14-15,  32,  50) 

"Chlorotricarbonyliridium",  "lr(CO)jCl",  (obtained  by  the  silica 
gel  method,  480  mg),  NaHCO^  (630  mg),  and  acetylacetone  (0.21  ml) 
in  200  ml  benzene  were  refluxed  with  vigorous  stirring  for  4  days. 

The  solution  was  cooled  to  20 *C,  filtered  and  evaporated  to  approxi¬ 
mately  5  ml  under  reduced  pressure.  The  solution  was  refrigerated 
overnight  and  the  gold  crystals  filtered.  Further  evaporation  and  cool¬ 
ing  produced  a  second  crop.  Yield  440  mg  (81  %).  This  material 
could  be  purified  further  by  sublimation  at  75 *C  (0.  6  mm  Hg).  I.  R.  ; 

2045(s),  1975(s),  1520(m),  1360(m),  1280(w),  1199(w),  10  20(w),  930(w), 
790(t#),  660(w),  620(w),  595  (w),  460(w),  413(w)  cm"^  The  initial  , 
sublimed  material  is  blue  but  gives  an  infrared  spectrum  identical  to 
the  yellow  material  sublimed  later.  This  may  be  due  to  the  crystal 
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form  since  the  yellow  crystals  are  strongly  dichroic,  yellow  down  the 
short  axes  and  blue -black  down  the  long  axis,  but  it  may  also  be  due 
to  traces  of  an  impurity  such  as  chlorine. 

The  reaction  time  is  reduced  to  approximately  4  hours  when  fresh¬ 
ly  prepared  iridium  carbonyl  chloride  made  from  the  chlorocyclo- 
octene  dimer  is  used.  In  both  cases,  the  endpoint  of  the  reaction 
is  variable.  Best  results  were  obtained  by  allowing  the  reaction 
to  continue  until  most  of  the  insoluble  material  was  gone.  The  end¬ 
point  was  deceptive  since  there  are  varying  amounts  of  an  insoluble 
blue  byproduct  formed.  l.R.  1610  (broad),  1450,  1400-1250  (broad), 
1030,  990,  835,  690,  665  cm“^ 

3-Methyl-2, 4-pentanedionatodicarbonyilrldlum,  lr(CO),(3-Me  acac) 

(p.  43-44,  48-49). 


The  3-methylacetylacetone  derivative  was  prepared  by  the  analogous 
method.  'Chlorotricarbonyliridium",  "Ir(CO)2Cl",  from  the  silica 
gel  preparation  (500  mg),  NaHCO^  (550  mg)  and  3-methylacetylacetone 
(0.  25  ml)  in  150  ml  benzene  were  refluxed  for  4  days.  Yield:  490  mg 
(89%)  of  orange-yellow  crystals.  The  endpoint  of  this  reaction  is  also 
deceptive  due  to  the  presence  of  a  soluble  green  contaminant  and  a  black 
insoluble  byproduct.  The  green  contaminant  sublimes  with  the  product 
but  can  be  removed  by  recrystallization  from  acetone.  Analysis  was 
carried  out  on  sublimed  material  which  contained  some  green  material. 
Anal:  (JV-8)  Calcd  for  Ir  CgH^O^  ;  C,  26.5;  H,  2.48;  Ir,  53.2; 
mw  361  Found  C,  26.39:  H,  2.38;  Cl, d  0.05;  Ir  >  51.  5;  mw  362. 

The  infrared  showed  carbonyl  peaks  at  2050  and  1970  cm 

Crystals  of  both  compounds  can  be  grown  by  slow  cooling  of  a  warm 
acetone  solution  in  a  dewar  of  warm  water  (p.  17).  Care  must  be  exer¬ 
cised  that  air  is  excluded  and  that  the  solution  is  not  left  at  the  boil¬ 
ing  point  for  long.  Both  complexes  have  been  observed  to  decompose 
in  boiling  acetone  solution  over  several  hours.  Crystals  of  the  acetyl- 
acetone  complex  are  oblong  and  very  metallic  in  appearance,  resem¬ 
bling  chunks  of  gold  metal.  Crystals  of  the  3-methylacetylacetone 
complex  are  yellow  needles. 


Chlorodicarbonyl-p-toluidinoiridium,  Ir(CO),{NH,C,H  .CH_ )(C1) 

— - 1 _ Z  i _ D  4 _ 2 _ 

(p.  32.  46,  54). 


"Ir(CO)^Cl"  prepared  by  the  silica  gel  method  (200  mg)  and 
£^-toluidine  (83  mg)  were  refluxed  in  benzene  for  24  hours.  The  solution 
was  cooled  to  20  "C,  filtered,  and  evaporated  under  reduced  pressure. 
The  blue  powder  was  sublimed  (110°  C,  2  mm)  to  give  180  mg  of  blue 
powder.  I.  R.  :  2083(s),  2043  (m),  2020  (b),  1970  (w),  1505  (m),  1140  (w), 
1117(m),  820(m),  700(w),  640(w),  565(w),  515(m)  cm"^.  Anal  (JV-6): 
Calculated  for  Ir  CgHgNO^Cl  C,  27.6;  H,  2.30;  N,  3.58;  Cl,  9.08; 

Ir,  49.1.  Found  C,  28.23;  H,  2.39;  N,  3.51;  Cl,  9.61;  Ir,  47.6. 

The  reaction  with  starting  material  obtained  from  the  chloro 
cyclooctene  iridium  dimer  was  complete  in  2  1/2  hours.  The  yield 
was  lower  than  the  reaction  proceeding  but  this  is  probably  because  the 
starting  material  was  partially  decomposed. 

The  non-volatile  material  left  in  the  subiimator  from  this  reaction 
absorbs  in  the  infrared  with  broad  absorption  4000-400  cm~  with  a 
small  carbonyl  peak  at  2040  cm~^.  A  pressed  pellet  of  this  material 
had  a  conductivity  comparable  to  that  of  "Ir(CO)^Cl".  It  has  not  yet  been 
further  characterized. 

Long  blue-red  needles  of  metallic  appearance  were  obtained  by 
slow  cooling  of  a  benzene  solution  of  Ir(CO)2(£.- toluidine)Cl  under 
argon.  Solutions  of  this  material  maintained  near  the  boiling  point  for 
several  hours  also  began  to  decompose. 

Reaction  of  Ir(CO)2(>cac)  and  Ir(CO)y(3Me-acac)  with  chlorine  (p.  24, 
29-31,  37-39,  47-49). 


Ir(CO)2(acac)  (276  mg)  was  dissolved  in  40  ml  benzene  in  a  Schlenk 
tube  capped  with  a  rubber  septum  cap  under  argon.  Chlorine  gas  was 
injected  in  approximately  2  ml  aliquots.  The  yellow  solution  became 
red  then  brown  and  a  black  precipitate  formed.  The  solution  was  filtered 
under  argon  and  more  chlorine  added.  The  process  was  repeated  until 
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no  precipitate  formed  after  a  total  addition  of  12  ml  of  Cl^-  The 
yellow  solution  remaining  was  evaporated  to  give  a  yellow  oil  which 
crystallized  upon  cooling  and  trituration  with  methanol.  The  in¬ 
frared  spectrum  showed  at  least  4  carbonyl  or  hydride  bands  in  the  region 
1980  -  2100  cm  ^  and  no  absorption  in  the  1500  cm”^  region.  Other 
preparations  gave  different  yellow  products  with  several  carbonyl 
or  hydride  bonds  at  2080-2160  cm”^. 

Infrared  spectra  of  samples  1-5  (186  mg)  were  similar  and  these 
were  combined.  I.R.;  broad  absorption  4000  -  800  cm~  ,  carbonyl 
band  2060  cm,^  weak  band  at  550  cm”^.  Sample  6  (17  mg)  did  not  have 
a  carbonyl  band  in  the  infrared  although  it  also  showed  broad  absorp¬ 
tion.  Recrystallization  of  50  mg  of  the  combined  samples  by  dissolving 
in  120  ml  THI!  producing  a  yellow  solution,  evaporation  under  reduced 
pressure  to  30  ml  when  the  solution  was  blue  and  crystallization  be¬ 
gan,  and  cooling  gave  13  mg  of  black  shiny  powder.  I.  R.  ;  broad 
absorption  4000-250  cm  ,  2050  (w),  550  (w).  Analysis  (JV-7): 

Found:  C,  17.38;  H,  1.75;  Cl,  10.87;  Ir,  53.8.  Material  prepared 
similarly  in  CH2CI2  and  not  recrystallized  gave  tie  following  analysis 
(JV-1)  Found:  C,  19.89;  H,  1.65;  Cl,  7.13.  Material  prepared  altni- 
larly  in  benzene  and  recrystallized  from  THF  gave  the  following  analysis 
(JV-3):  C,  18.92;  H,  1.89;  Ci,'>'10.3;  Ir 50. 6. 

Attempted  recrystallization  from  warm  acetone  resulted  in  de¬ 
composed  material:  a  yellow  powder  and  brown  solution. 

The  combined  fractions  1-5  appeared  to  sublime  at  140  -  150 °C 
(<v  1  mm  Hg),  although  it  is  possible  that  the  material  was  decomposing 
to  give  this  volatile  fraction.  The  sublimed  product  was  a  small  amount 
of  red-blue  powder  whose  yield  was  similar  to  that  obtained  by  re¬ 
crystallization.  l.R.  :  broad  absorption  4000  -  400  cm  2050  (m), 

630  -  600  (w),  550  -  500(m).  Analysis  (JV-78)  Found:  C,  17.75; 

H,  1.19;  Cl,  7.72;  Ir,  52.84.  Some  starting  material,  lr(CO)2(ecac), 
sublimed  to  the  top  of  the  probe  and  a  brown  residue  (not  strongly 
absorbing  in  the  infrared)  was  left  after  the  sublimation. 

The  presence  of  hydride  peaks  in  the  byproducts  of  this  reaction 
and  the  lack  of  stability  of  reaction  solutions  suggests  that  some  HCl 


18  being  formed  by  chlorination  of  the  acetylacetone  ring.  To  eliminate 
this  possibtlity  the  3-methylacetylacetone  complex  was  chlorinated. 

The  3-methylacetylacetone  complex,  Ir(CO)2(3Me-acac),  (50  mg) 
in  benzene  solution  was  reacted  with  chlorine  by  injection  of  a  small 
amount  (41  ml)  of  chlorine  saturated  benzene.  The  solution  turned 
vivid  shades  of  red  and  a  brown  precipitate  formed.  This  material 
(50  mg)  was  filtered  and  sublimed  at  180 °C  giving  starting  material, 
brown  residue,  and  8  mg  of  product.  Possibly  this  is  a  decomposition 
product.  I.R.  :  broad  absorption  4000  -  250  an~^  ,  2060  (m),  550(w), 
500(w),  445(w).  Analysis  (JV-20)  Found;  C,  20.34;  H,  1.98;  Cl, 

6.26;  Ir,  55.69. 

Reaction  of  Ir(CO)2(acac)  with  N-chlorosuccinimide  gave  green, 
unstable  solutions  which  upon  evaporation  gave  infrared  spectra  indi¬ 
cating  hydride  formation  presumably  from  HCl. 

Reaction  of  "Ir(CO)^Cl"  with  chlorine  (P.  25-27,  32,  33). 

"Chlorotricarbonyliridium",  "Ir(CO)^Cl"  (200  mg)  from  the  silica 
gel  preparation  was  suspended  in  25  ml  CH2CI2  in  a  Schlenk  tube. 

This  mixture  was  deaerated  with  argon  and  saturated  with  CI2.  This 
m  ixture  was  stirred  vigorously  for  24  hours  with  periodic  resaturation 
with  Cl2.  The  reaction  vessel  when  opened  gave  off  clouds  of  white 
vapors,  probably  COC12.  This  mixture  was  evaporated  to  give  a  yellow 
powder  and,  taking  great  care  not  to  contaminate  with  air,  transferred 
to  a  vacuum  dessicator  overnight.  The  resulting  brown  powder  was 
treated  with  5  ml  of  deaerated  reagent  grade  chloroform.  The  brown 
precipitate  (80  mg)  was  filtered.  Recrystallization  by  evaporation  under 
reduced  pressure  of  a  solution  of  the  product  in  acetone  followed  by 
cooling  gave  21  mg  of  a  coppery  powder.  The  acetone  solution  was 
yellow  when  dilute  and  deep  blue  when  concentrated.  I.R.  ;  broad 
absorption  4000  -  300  cm"^,  500  cm  ^  (w).  Analysis  (JV-5):  C,  6.86; 

H,  0.75;  Cl,  17.02;  Ir,  53.3.  After  reprecipitation  from  acetone  by 
addition  of  benzene,  the  analysis  (jV-5r)  was  Found;  C,  8. 16;  H,  traces; 
Cl,  16,  08  :  Ir,  55.43. 
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Reaction  of  Ir2{cyclo-CgH^^)^  CI2  with  CO  in  acetone 


Chip ro -bis -cycloocteneiridium  dimer,  Ir2(cyclo-CgH^^)^Cl2,  (100  mg) 
in  10  ml  of  acetone  was  reacted  with  a  stream  of  CO  until  the  solution 
was  blue  and  all  starting  material  was  consumer  ({  1  min).  This 
solution  stood  for  several  minutes  until  a  yellow  powder  had  pre¬ 
cipitated.  This  was  filtered  and  the  blue  solution  was  evaporated 
under  reduced  pressure  to  a  copper-gold  powder.  The  cyclooctene 
was  removed  by  several  washings  with  hexane.  The  yellow  powder  was 
identified  as  Ir^(CO)j2  infrared  spectrum  (2100  -  197  5  (s),  540(8), 

500(8),  475(m),  443(8)cm  ^) ,  The  coppery  powder  was  recrystallized  from 
acetone  by  dissolving,  evaporating  under  reduced  pressure,  and  cooling. 
Analysis  (JV-21)  Found:  C,  10.95;  H,  1.17;  Cl,  13.46;  Ir,  56.5. 

I.R.:  broad  absorption  4000  -  250  cm'^  The  analysis  indicates 
acetone  or  a  product  of  acetone  has  been  incorporated  in  the  product. 

When  a  blue  solution  of  product  and  cyclooctene  was  warmed  and 
allowed  to  stand  overnight,  the  product  was  yellow  crystals  whose  in¬ 
frared  spectrum  indicated  a  cyclooctene  complex. 

When  the  reaction  of  cyclooctene  chloroiridium  dimer  with  CO 
was  carried  out  in  dilute  solution,  the  initial  solution  color  upon  addition 
of  CO  was  green  and  a  black  precipitate  ("Ir(CO)^Cl"?  )  resulted. 

Purging  of  this  solution  with  argon  resulted  in  a  blue  solution  with  no 
precipitate.  Addition  of  CO  regenerated  the  green  solution  plus  pre¬ 
cipitate.  No  formation  of  observed  and  evaporation  of 

the  blue  solution  gave  a  brown  oil.  Presumably  the  reaction  must  be 
carried  out  rapidly  and/or  in  concentrated  solution  to  prevent  reaction 
of  the  desired  product  with  cyclooctene. 

Results  and  discussion 

The  purpose  of  this  project  is  the  preparation  of  neutral  complexes 
with  chains  of  stacked  iridium  atoms  with  the  requirement  that  they  b.e 
soluble  so  that  crystals  suitable  for  physical  measurements  can  be 
grown. 
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Three  stoichiometric  complexes  were  prepared,  two  of 

which  were  previously  known:  lr(CO),(acac)\  Ir(CO)_(3-Me  acac), 

IZ  13  ^  ^ 

Ir(CO)2(£_-toluidine)Cl  *  .  Crystals  of  the  first  and  last  complex 

were  prepared  and  physical  measurements  are  in  progress.  The 

properties  of  the  3-methylacetylaceton>  derivative  may  be  interesting 

since  crystals  of  the  complex  lack  the  characteristic  metallic  appearance 

of  the  other  two.  Crystals  of  this  complex  will  be  prepared  soon  so 

that  these  measurements  may  be  made.  Preliminary  single  crystal 

studies  of  the  other  two  complexes  indicate  that  uhey  are  semiconductors 

down  the  long  axis  .  Further  studies  are  in  progress  in  the  physics 

group. 

Crystals  of  two  previously  known  halotricarbonyl  iridium  complexes 
were  prepared,  'Tr(CO)2Cl, and  "Ir(CO)^Br"^®.  The  stoichi¬ 
ometry  of  the  first  complex  is  thought  to  be  Ir'CO),  qCI  the  exact 
stoichiometry  of  the  bromo  complex  has  not  yet  been  investigated. 

The  metallic  appearance  of  the  two  complexes,  the  lack  of  solubility, 
the  air  stability,  and  the  short  metal-metal  distance  (2.85  A  )  of  the 
chloro  complex  and  its  high  conductivity  in  pressed  pellet  form 
support  Krogmann's  suggestion  that  the  complex  is  nonstoichiometric. 

The  crystal  form  of  the  two  complexes  is  bunches  of  very  fine 
hairlike  needles.  This  form  is  unsuitable  for  good  physical  measure¬ 
ments.  Unfortunately,  these  complexes  which  have  very  strong  at¬ 
tractive  interactions  along  the  long  axis  and  weak  forces  laterally 
tend  to  form  very  fine  long  hairs.  It  is  possible  that  sublimation  of 
these  complexes  in  a  stream  of  CO  to  a  heated  probe  would  cause  slower 
condensation  and  larger  crystals.  It  is  also  possible  that  slow  addition 
of  CO  to  a  solution  of  the  cyclooctene  chloro  iridium  dimer,  Ir2(cyclo-CgHj^)^Cl2 
would  result  in  thicker  crystals,  if  this  complex  is  indeed  the  same  as 
the  product  formed  from  IrCl^  on  silica  gel. 

Comparison  of  the  properties  of  "Ir{CO)jCl'',  "Ir(CO)3Br",  and 
''Ir(CO)2l",  a  careful  study  of  their  stoichiometries,  and  measurement 
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of  the  metal-metal  separation  by  x-ray  diffraction  should  be  very  in¬ 
teresting.  The  substitution  of  Cl  by  Br  and  I  should  affect  the  material 
both  electronically  and  sterically. 

Attempts  at  preparation  of  soluble  neutral  non-stoichiometric 
complexes  have  resulted  in  five  materials  which  have  properties 
expected  for  such  complexes  by  analogy  with  ionic  nonstoichiometric 

9 

platinum  complexes  ;  1)  broad  absorption  of  the  solid  in  the  infrared 
region,  2)  non-Beer's  law  behavior  in  solution,  3)  metallic  appearance 
in  the  solid,  4)  good  conduction  properties  in  pressed  pellet  form. 

Five  materials  prepared  display  some  or  all  of  these  properties. 
The  preparations  and  properties  are  summarized  in  Table  1. 

Unfortunately,  these  complexes  have  not  yet  been  fully  character¬ 
ized.  If  they  are  non-stoichiometric,  it  is  impossible  to  tell  from 
analysis  if  the  complex  has  been  successfully  purified  except  by  many 
repeated  preparations  and  purifications  giving  consistent  analyses. 

It  is  also  possible  that  these  complexes  do  not  represent  sharp  minima 
but  that  the  ratio  of,  for  example,  chloride  to  iridium  and  thus  the 

oxidation  state  of  iridium  can  vary.  This  type  of  behavior  has  been 

14 

observed  by  Malatesta  and  Canziani  who,  in  attempting  to  prepare 
the  cl  loro  analogue  of  K2[Ir2(CO)^Brg],  obtained  K2[Ir(CO)^Cl^  g]. 
Speculation  about  the  stoichiometries  of  these  complexes  is  difficult 
since  consistent  analyses  have  not  been  obtained.  This  must  await 
further  characterization  of  these  complexes. 
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SuRgeBtions  for  future  experimenta 


1.  a)  Make  IrlCO)^! 

b)  Compare  physical  properties  of  Ir(CO)jX 

c)  Three  ways  to  try  to  grow  crystals  are  sublimation  to  a  heated 
probe,  slow  reaction  of  CO  with  the  chlorocycloocteneiridium  dimer, 
and  dissolving  IriCOl^Cl  under  pressure  of 

d)  Check  if  material  made  from  chlorocycloocteneiridium  dimer  sub¬ 
limes  in  CO  at  180  °C. 


2.  Grow  crystals  of  acac  complexes  for  physics. 


3.  Investigate  black  byproduct  of  IriCOl^it-toluidinelCl  preparation.  Try 
reacting  Ir(CO)2(£.-toluidine)Cl  with  small  amount  Cl^. 

4.  Make  the  4  possibly  non-stoichiometric  complexes  and  purify  until 
consistent  analytical  results  are  obtained.  Atomic  absorption  spec¬ 
troscopy  may  be  useful  to  get  exact  metal-to-chlorine  ratios.  The 
mass  spectroscopy  of  these  complexes  might  be  interesting  since  some 
of  them  at  least  sublime.  Grow  crystals. 

5.  It  would  be  Interesting  to  study  the  visible  spectrum  of  one  of  the 
non-Beer's  law  complexes  as  a  function  of  concentration.  A  very  thin 
cell  would  be  necessary. 


6.  Investigate  the  possibility  that  the  product  of  reaction  of  Ir2(cyclo-CgH^^)^C]2 
with  CO  in  acetone  reacts  reversibly  with  CO. 


7.  a)  Ir(CO)gCl  +  orthochloranil,  CgC1^02  ? 

b)  Rh(CO)2(acac)  +  CI2  ? 

c)  IrfCOljBr  +  Br2  ? 
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8.  The  product  of  Ir(C0)2(acac)  +  CI2  may  leave  chlorinated  acac. 
degrade  and  complex  with  Cu  to  Identify. 

9.  Ir(CO),Cl,"  +  acac? 

*  .CO? 


Can 


Q 

Dve-substltuted  GlYOxlme-d° ■Tnetal-ComDiexeB 
Model  ol'  a  High  Temperature  Superconductor 

C.  Mayer  and  T.  Winkler 


I.  Introduction 

rhis  report  reviews  the  continuation  of  the  synthetic  experimental  work 

in  connection  with  the  formation  of  a  model  compound  for  Little’s  theory^  of 

a  high  temperature  superconductor,  formerly  reported  to  the  Bonneville  Power 
2 

Administration. 

As  a  model  compound  we  chose  a  dye  substituted  d  -metal-glyoxlme  complex. 

The  reason  for  this  choice  and  the  expected  properties  of  the  system  are 

extensively  described  in  Appendix  A. 

Section  II  of  this  report  deals  with  further  attempts  to  find  a  way  to 

2 

resolve  the  quartemization  problems  formerly  reported.  Section  III  gives  the 
first  results  on  a  modified  glyoxime  system.  Section  IV  covers  experimental 
data  and  section  V  a  few  related  experiments. 

II.  Dve  substituted  picolil  dioxime  derivative 

2 

The  difficulties  reported  formerly  to  quartemize  compound  I 


I 

as  a  necessary  step  to  perform  cyanine  dye  chemistry  on  this  system  made  it 
urgent  to  find  another  way  to  obtain  that  compound.  Since  it  was  known  that 


compound  II 


II 


was  easily  quarternized,  the  following  reaction  reported  in  the  literature^ 
seemed  to  be  feasible,  provided  one  of  the  very  few  methods  to  oxidize  vic-glycols 
without  cleavage  would  work. 

Reported  case: 


III 

In  our  case,  Instead  of  using  pyrldyl-2-carbinol,  we  had  to  start  with 
6-mpthyl-pyrldyl-2“carblnol  to  obtain  glycol  Ilia. 


HO  OH 


2* 


21- 


Ilia 

Unexpectedly,  this  oxidative  coupling  reaction  failed  with  that  educt. 

A.t  first,  even  the  reproduction  of  the  results  from  the  literature  gave  some 
difficulties.  The  reason  for  the  initial  failure  of  those  experiments  was  the 
fact  that  we  usod  highly  purified  dlmethylformamide  which  contained  no  dimethyl- 
amine.  Wh.ereas  the  authors  claimed  EMF  to  act  as  base,  l.e. 
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whici.  would  be  subsequenMy  attacked  by  a  second  molecule  in  the  enolic  form. 


Aside  from  the  problem  of  the  oxidative  coupling  another  one,  namely  the 

oxidation  of  the  vic-glycol  to  the  a-diketone  came  up.  There  are  very  few 

examples  known  where  an  oxidation  of  such  a  system  without  C-C  cleavage  occurs. 

k 

An  Investigation  by  Llttler  on  the  other  hand  claims  that  secondary  and 

V  VT 

ertiary  glycols  are  oxidized  by  V  and  Cr  salts  to  the  corresponding  diketones. 
Experiments  on  the  model  compound  III  yielded  with  both  kinds  of  metal  salts 
lilghly  Insoluble,  bright  yellow  complexes  which,  under  rough  hydrolytic 
conditions  ( 6N  HCl,  refl.  6*^),  were  partially  destroyed.  But  no  diketone  could 

*  5 

be  Isolated,  'fhls  fits  the  observation  by  Slak  and  Waters  ,  who  imported  that 
hydrobenzoin,  benzpinacol  and  plnacol  all  gave  insoluble  complexes  with  chromyl 
chloride,  which  gave  cleavage  products  in  good  yields  on  rough  hydrolysis. 

Facing  all  these  difficulties,  and,  in  addition,  the  fact  that  it  seemed 
more  and  more  necessary  to  use  the  corresponding  quinoline  derivative  of  I  to 
obtain  reasonably  stable  dye  derivatives  (the  starting  material  for  which  would 
be  ex'^remely  difficult  to  obtain)  we  decided  to  stop  thir  pathway  for  a  model 
compound  and  Instead  to  investigate  a  similar  system,  described  in  the  next 


sec  tion . 
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it  has  been  shown  in  the  previous  section,  that  the  quartemization  of  the 
pyridine  nitrogens  is  not  easily  achieved  in  the  picoly? -glyoxirae  type  ligand 
systems  (e.g.  I).  Therefore,  we  searched  for  ways  to  by  pass  this  problem. 

First,  we  attempted  to  synthesize  V,  starting  with  1, 4-dibromo-2, 3-bu tanedione  (VI) 


Experiments  showed  however,  thao  this  pathway  is  not  straightforward. 
Instead,  a  synthesis  of  the  following  complex  Vila  seemed  more  promising. 


4CI- 


vna 


Reaction  of  dlchloroglvoxlme  (VIII')  with  tertiary  amines 


VIII  + 


2  NRa  ether ^ 


RsN-C-p^-NRa  •  2  Cl 
HON  NOH 


The  reaction  products  of  VIII  and  pyridine  (X),  quinoline  and  irl-n- 

8  9 

butylamine  are  already  known  We  repeated  the  preparation  of  X  and  synthesized 
the  adducts  with  li'-picoline  (XI),  lepidine  (IX)  and  5 , 6-benzoquinoline  (XII)  . 

Ibe  reactions  were  carried  out  at  room  temperature  in  ethyl  ether.  Under  these 
conditions  U-phenylpyridlne  gave  almost  exclusively  the  mono  adduct,  according 
to  the  Bilcroanalysls;  whereas  7,8-benzoquinollne  did  not  react  at  all.  IX  and 
XI  have  been  preiJared  to  carry  out  cyanine  dye  chemistry  involving  their  activated 
methyl  groups  ( see  below)  . 

XII  has  been  made  in  order  to  obtain  promptly  a  platinum  complex  with  a  very 
simple  polarizable  unit,  the  5,6-benzoquinolinium  system.  This  complex  would 
allow  initial  conductivity  measurements  to  be  made. 


Platinum  oomplexes 
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2  RaN-C-C-fca 
II  II 

HON  NOH 


2C1 


KaPtCU 


R,N 


NR. 


*3? 


NR. 


4  Cl 

xm 


_  ♦ 


xma 


¥ 


pyridine 


Reactions  to  fonn  the  complex  have  been  carried  out  primarily  with  X.  If 
the  aqueous  solutions  of  K2PtCl4  and  X  are  mixed  a  cream  colored  precipitate  is 
formed.  The  microanalysis  shows  atomic  ratios  which  are  near  to  those  calculated 
for  the  complex.  But  the  atomic  ratios  of  Pt  and  Cl  are  too  high,  due  to  a 
side  reaction  which  leads  to  XIV.  EC  and  XI  show  similar  behaviors.  All 
attempts  to  recrystallize  the  product  from  hot  water,  ethanol  or  dimethyl 
sulfoxide  led  to  the  formation  of  a  bulky  brown  material  with  a  very  high  Pt 
content  (over  40/6)  .  The  reaction  of  K2PtCl4  with  X  in  hot  acetic  acid, 
corresponding  to  that  with  dimethylglyoxime, gave  the  analytically  pure, 
crystalline  compound  XIV,  which  is  most  likely  the  following  salt: 


2- 


XIV 
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Structure  XIV  is  strongly  supported  by  the  IR  spectrum  (KBr) .  Its 
fingerprint  region  is  very  similar  to  that  of  X  and  at  the  same  time  quite 
different  from  that  of  complex  Xllla  (see  below) .  _  appears  at  52'  cm"^ 

i  J. 

as  in  K2PtCl4  (KBr)  in  the  form  of  a  strong  narrow  band. 

If  X  is  dissolved  in  a  water/pyridine  (10:1)  mixture  and  then  reacted  with 
an  aqueous  K5PCCI4  solution  a  yellow  precipitate  of  low  Pt  content  (17,55^  Pt 
instead  of  23.7^  calc.)  is  formed  which  could  not  be  recrystallized  without 
decomposition,  X  was  dissolved  in  an  equimolecular  solution  of  NaHCOa  in  water 
and  then  reacted  with  an  aqueous  KaPtCL^  solution.  Thereby  a  cream  colored 
crystalline  precipitate  (Xllla)  was  formed,  which  is  the  dihydrate  of  the  platinum 
complex  of  X,  according  to  microanalysis.  The  IR  spectrum  in  KBr  of  Xllla 
resembles  that  of  platinum  dime thy Iglyoxime  (KBr)  in  general  character  with  a 
broad  absorption  going  over  the  whole  range  of  the  spectrum  (4000-250  cm"^) . 

In  the  fingerprint  region,  the  strongest  peaks  of  X  emerge  from  that  broad  band. 

To  determine  whether  this  is  due  to  an  electronic  absorption,  polarized  IR 
measurements  will  be  required.  There  is  no  strong  absorption  at  325  cm  ^ . 

Reactions  of  X  with  Ni(ll)  in  aqueous  solution  were  unsuccessful  under  all  the 
above  conditions.  Further  experiments  are  in  progress. 

The  high  concentration  of  positive  cliarge  surrounding  the  Pt(II)  central  atom 
makes  the  formation  of  platinum  complexes  of  type  XIII  more  difficult  than  of 
uncharged  platinum  glyoxime  complexes.  Therefore,  the  synthesis  of  dye  substit'ted 
ligands  was  undertaken  simultaneously.  These  ligands  would  undergo  complex 
formation  more  readily,  since  the  positive  charge  on  the  pyridine  nitrogens 
were  distributed  over  the  long  conjugated  systems  of  the  cyanine  dye  substituents. 


Experiments  to  fom  glyoxime  type  ligands  with  cyanine  dye  substituents 
were  carried  out  on  IX  and  XI.  For  experimental-practical  reasons  we  limited 
ourselves  at  this  point  to  the  formation  of  trimethine-cyaninedye  systems,  of 

the  type  X'/ : 


Tne  adequate  reaction  with  the  picolinium  derivative  XI  (described  more 
specifically  below  for  the  lepidlnium  system  IX)  gave  a  dye  with  a  typical 
cyanine  absorption  peak  at  615  nm.  "nie  reported  value  for  XV  (R=CH3)  is  6OO  nm,^^ 
I’Jie  product  showed  an  extremely  high  sensitivity  towards  air  and  light  and  was 
not  isolated  undestroyed.  This  behavior  is  in  accordance  with  the  "normal” 
4,4'-plcolinium-trlmethine-cyanine  systems. As  the  stability  of  the 
corresponding  quinolinium  derivativep  is  much  higher,  we  concentrated  our  work 

on  the  dl-lepidlnlura-glyoxime-dlchlorlde  (IX)  as  starting  point, 
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There  are  a  number  of  methods  described  in  the  literature  to  form  trimethine 
cyanine  dyes,  Tiie  two  most  straightforward  ones  use  either  N,N'-dipheriyl- 
formamidlne  (XVI) 

C6H5-N=CH-NH-CgH5 

XVI 

or  a  1:1  molar  mixture  of  aniline  and  an  orthoformic  ester,  which  also  yields 
•'-e  t’ormamldlne  as  an  Intermediate.  Aside  from  the  comparatively  good  yields, 
ti'.e  synthesis  of  asyrometric  dye  systems  are  made  possible  by  these  methods,  as 
if  required  by  the  project.  The  pathway  specifically  for  our  problem  is  shown 


next: 


n  +  2  XVI  pyridine 

reflux 


j-C-N^O/  -CH=CH-NH(^ 
HON 


XVII 

isolab le  intermediate 


lepidlnium 

methiodlde  ^  VII 

pyridine,  refl. 


R 

Q\-ch=ch-nh5^ 


XVIII 


The  use  of  aniline/orthoester  mixtures  turned  out  to  be  much  more  efficient 
in  respect  to  yield  and  purity  of  substance  XVIII  (see  below) . 

Of  course,  it  is  also  possible  to  prepare  the  2-anilino-vinyl-quinolinium- 
methiodide  ( XVIII),  subsequently  reacting  it  with  IX.  In  fact,  the  latter  way 
proved  to  be  more  convenient,  because  we  have  not  got  the  above  glyoxime 
derivative  XVII  very  pure  so  far,  whereas  XVIII  shows  an  excellent  analysis  and 
sharp  melting  point  (252°)  after  two  recrystallizations  from  boiling  acetonitrile. 
Both  anilinovinyl  compounds  show  the  same  absorption  spectrum  in  the  visible 
(Xjnax  ^Onm;  broad  band),  indicating  that  also  the  glyoxime  intermediate  is 
in  fact  the  one  wanted.  High  purity  of  the  intermediates  is  an  absolute 
requirement,  for  the  yields  of  the  final  dye  forming  step  are  pretty  low  (ca.  10^)  . 
We  have  to  be  sure  that  it  is  not  the  impurities  which  form  the  dye:  l.e.  if 
XVIII  was  contaminated  with  lepidinium-methiodide,  the  dye  might  be  .'ust  ordinary 
N,N' -dimethyl-cryptocyanine.  In  reality,  this  problem  Is  rather  seriois,  because 


i.1  seems  as  if  the  wanted  product  had  its  dye  peak  at  the  same  position  (710  nm) 
as  the  corresponding  cryptocyanine  itself.  Furthermore  its  chromatographic 
behavior  is  very  similar,  which  makes  purification  difficult.  The  micro¬ 
analysis  and  quantitative  e -measurements  both  need  very  high  purity  products 
in  order  to  distinguish  between  VII  and  the  cryptocyanine.  But  there  are  some 
positive  hints,  that  we  are  not  dealing  with  an  artifact;  the  desired  product 
is  more  soluble  in  water  and  less  in  chloroform  than  the  N,N' -dimethylcrypto- 
cyanine,  that  was  also  prepared.  The  melting  point  of  the  latter  is  296°,  that 
of  the  former  above  300°  (though,  from  one  experiment,  we  got  a  sample  with 
mp.  2Bd°)  .  But  the  most  striking  fact  is  that,  on  treatment  of  IX  with  aniline/ 
orf^hoester  in  a  trace  of  pyridin^  we  also  got  a  cyanine  dye  with  its  peak  at 
iO  nm,  presumably  of  the  type  XIX: 


XEC 

By  this  experiment  we  excluded  the  possibility  of  dye  formation  due  to 
impurities,  as  IX  has  never  seen  a  lepidinium  salt  other  than  itself. 

l-phenyl-2-pyridlnlum  glyoxlme  chloride 

The  highly  concentrated  positive  charge  surrounding  the  central  platinum 
atom,  which  makes  the  complex  formation  difficult,  can  also  be  reduced  by 
exchanging  one  tertiary  amino  group  against  a  phenyl  group,  sacrificing  two 
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XX 

polarizable  units  per  platinum  a'om  In  the  complex.  XX  was  synthesized 
Mccordlng  ro  the  i'ollowlng  scheme: 


0-C-C-H 

II  II 

0  NOH 


NHoOH.HCl 

NaOAc 


0-C-C-H 

jl  " 

HON  NOH 


0-C-C-Cl 

II  II 

HON  NOH 


Pyridine , 


13  l4 

Tiie  first  2  steps  have  already  been  described.  The  last  step,  the  salt 

formation,  was  carried  out  in  dry  ethyl  ether  at  room  temperature  In  the  dark. 
Complex  formation  reactions  are  in  progress. 


This  section  gives  only  the  data  for  completed  results.  Experiments  still 
in  progress  are  not  listed.  Procedures  already  reported  in  the  literature  are 
not  described,  even  if  minor  modifications  were  applied.  All  melting  points 
are  uncorrected.  The  NMR  spectra  were  measured  on  a  Varian  T-60  (MHz)  spectro¬ 
meter  (TMS  internal  =  0,0  ppm,  S  singlet,  D  doublet,  M  multiplet)  . 


/^rldinlum  glvoxlme  dichlorlde 


Prepared  according  to  A.  Qullico;  Ci2Hi2N402Cl2  (3ISI6) 


Calc,  ’ja 

c  4s .  '■3 

H  3.^4 

N  17.  ""S 

0  10.  r 

Cl  22. "0 

Found 

4h .  (f. 

3.87 

IT. 90 

22.  4 
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Tmc  mntu’.  rum  no  molecular  peak,  but  primarily  tlie  cleavage 

pat  tern  of  j  rMln*.*  and  dlcyano>dl 'N-oxlde, 

M:3:  m/e  1-2(1. 4^1),  l4‘,  (1.4),  144(3.5),  136(4.2),  135(2.1),  120  (  26), 

104  (fl^  .»  (29).  -14(29),  ‘<0  (  29),  79  (  88),  78  (  46),  68(47),  54(20). 

•.(4).  •,2(««),  U*"©),  ‘jOM,-  49  (  20),  45  (17),  44  (100),  43  (  80), 

42  (tO).  41(210.  39  ('4). 

i-awwiniMi  ligiitorwt  (g) 

1.5  '  g  VXXX  were  dissolved  In  100  ml  dry  ether.  10  ml  lepldine  in  10  sd 
dry  ether  were  Innadlately  added.  Tbe  reaction  mixture  was  allowed  to  stand 
tor  l/2  hour  at  room  te^Mrature  in  the  dark.  On  mixing  of  the  components,  a 
P reel  pittite  started  to  fora.  Tbe  ether  solution  which  had  turned  yellowish  was 
decanted  off.  The  colorless  precipitate  was  washed  three  times  with  20  ml  ether 
and  then  dissolved  in  as  few  as  possible  2  R  HCl.  The  mixture  was  evaporated 
to  drytiess  at  reduced  pressure.  The  residue  was  recrystallized  from  methanol/ 
ether,  forming  bright  colorless  needles  (^  l49-15l°C,  after  two  recrystalltzatlons) . 
Yield  2.4*  g  (55lt) .  ^  further,  less  pure  crop  can  be  obtained  from  the 
decanted  mother  liquor  of  the  reaction  after  standing  at  room  temperature  for  3 
days.  Dihydrochloride  (cf.  ref.  9,  pg.  210)  of  XX:  CsmHtt^eQmCle  (516.25) 

C'llc.  i  C.  -,1.18  H  4.30  R  10.85  0  6.20  Cl  27.4? 

Found  52.95  <*.62  10.14  25.68 

NMl  (P2O,  tpo  »  4.80  p.nm^:  2.93  (8:  methyl  groups,  6H) ,  8.04  (M:  Hs,  H5,  He, 

H.,  Hc^,  10  H),  8.90  (D:  Ha,  £H) 

D!-4-ptcolinlum  glyoxlme  dichloride  (XX) 

XI  was  obtained  following  the  procedure  described  for  IX  with  the  same 
yield.  Recrystalllzatlon  from  methanol/ether  gave  colorless  rhombic  crystals. 


XI  decomponee  slowly  above  I60°C  and  melts  finally  between  2^^  and  2}‘°C 
dec.  Ci4HioN40;;Cl2  (3‘»5.21) 

Calc,  i  C  W.99  H  k.aj  N  16.32  0  0.32  Cl  20. n*. 

Found  Itn.f  U.6  16.6  20.  ^ 

NMR  (DieO,  ]|D0  ■  ^.'iO  ppm):  2.90  (S:  methyl  groups,  611),  ‘^.2^  (M:  Hg,  II..,  itll) . 
0.00  (M:  Ha,  Hf,,  4H) 

Dl-'i.6-ben:toQulnQllnluB  alvoxlme  dl.‘Hloride  (XII) 

*11)0  preparation  of  xn  is  similar  to  that  of  IX.  O.'^O  g  VIII  in  '0  ml  dry 
ether  were  mixed  with  4.1^  g  ^,6-benzoqui noline  (Aldrich)  in  0  ml  dry  ether. 
After  ‘j  hours,  a  colorless  precipitate  was  filtered  off,  washed  4  times  with  20 
ml  ether  and  rec rye tall! zed  repeatedly  from  ^Ofl  aqueous  methanol  under  addition 
of  HCl.  Colorless  needles  (mp  227-22^i'’c  dec,),  yield  1.60  g  (1.31).  A  further, 
less  pure  crop  can  be  obtained  from  the  mother  liquor  of  the  reaction. 
CaaHaalfaOsCla  ( 0^.32)  dlhydrochlorlde  of  XU. 

Calc,  i  C  57.16  H  3.77  H  9.52  0  5.44  Cl  24.10 

Found  57.07  3.86  9.61  23.80 

63  mg  X  were  dissolved  in  a  solution  of  I8  mg  NaHCOa  in  *=^0  ml  water  and 
then  42  mg  KaPtCla  in  2  ml  water  were  added.  Hie  cream  colored  crystals  formed 
during  3  hours  were  flltex^  off  and  washed  thoroughly  with  water  and  ether. 
Yield  65  mg  ( 75l^  .  Hie  compound  starts  to  turn  dark  above  220°C  and  does  not 
melt  up  to  330°C.  C24H2aH80eCl4Pt  (859.42) 

Calc.  56  C  33.54  H  3.05  K  13.04  0  11.1'  Cl  16.‘0  Pt 

Found  33.43  2.79  13.08  16.'3 


22.  0 
22.22 


il  '  of  X  wlt.ii  (y.IV) 

U  :  und  CO  '  km;  K:f  tCU,  both  dlssolvtd  in  50  ml  hot  HQAc/HaO  I;1 
r  *  <‘<irc,  wore  mixed.  On  cooling,  brown  cryitali  were  formed,  filtered  off  end 
..It  .<v)  twice  with  t.«oId  HOAc  and  twice  with  ethyl  acetate.  Branched  needles 
i  -yX)°n  dec,),  yield  00  mg,  CiaHitMeOaClaPt  (:04,l6) 

'  %  C  54,0  •  H  2,07  N  9.59  0  Cl  24,79  Pt  33,40 

‘•i'll  24,0?  2,03  9.83  2*».53  33.‘»8 

-I  honyl"2-pyridinium  alvoxime  chloride  fXX) 

•  riylglyoxaldoxlme  (Balter)  was  converted  into  phenylglyoxime^^  and  this  in  turn 
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'  ■I’o  phenylctiloroglyoxlme  ,  0,40  g  phenyl-chloro  glyoxime  dissolved  in  200  ml 
ifv  ether  were  mixed  with  20  ml  dry  pyridine  at  room  teaperature  and  allowed  to 
nnd  In  the  dark  for  4  days.  The  colorless  precipitate  formed  was  filtered  off 
tin  the  pink  mother  liquor.  Yield  0,51  g  (91)^.  Recrystallisation  from  60$ 
ethanol  under  addition  of  HCl  gave  colorless  crystals  (sp  201-202°C  dec,) , 
^’loUiaKsOaCl  (277,71) 

'Xlc.  i  C  s6,22  H  4,36  N  15.13  0  11,52  Cl  12,7? 

Vnund  ‘6,12  4.36  15.06  12.53 

MIP  (CMSO-do):  3.^  (C:  HaO  of  the  solvent  and  part  of  the  oxime^H,  2.5  H) , 

.45  (M:  phenylprotons,  5H) ,  8.33  (M:  HsyHs  in  pyridine  nucl.,  2H),  8,80  (M: 

:!4  in  pyridine  nucl,,  IH),  9.33  (N:  Ha,Hs  in  pyridine  nucl.,  2H),  12.38  (S: 


l-urt  of  oxime-OH,  O.5H) 


-f.O- 

L  RtlftVtfl  BrntrAnn^i 

Modtl  CQDOundi  for  an  •xcltonlc  Imulmtor 

\e 

In  connection  with  the  excitonlc  ineulAtor,  nlkyl  lubetltuted  platlrun. 
glyoxlM  coBplexee  were  prepared  ae  Model  cooqpounds,  Bis-{dlaeUiylglyoxleato) - 
platinum  11  was  prepared  according  to  the  literature  (cf,  ref.  lo  and  oihere) . 
Recrystalllzatlon  Trom  boiling  nitrobenzene  gave  dark  red  iliiny  needles. 

(Pt-Pt  distance  3.26  ±0.02  A)  Bia(nioxlaa to)  •platinum  XZ  was  preiared  by  uie 
same  method:  dark  brown  needles,  (Pt^t  distance  3.26  ±  0.02  A) . 

Bi8(di-undeeylglyoxima to) -platinum  II  (XXZ)  was  prepared  by  the  rollowlrig 
procedure:  220  mg  KaPtCLt  were  dissolved  in  10  ml  water  and  Ul*^  mg  di-undecyl- 
glyoxisw  in  3t>  ■!  IRP  vere  added.  During  ^  days  a  total  of  mg  llanCOa  was 
added  to  maintain  approximate  neutrality.  Thereafter,  the  reaction  mixture  was 
evaporated  and  the  dark  residue  was  chromatographed  on  silica  gel  Merck  PFs^ 
(benzene/chloroform  7:1).  Ibe  chromatography  was  repeated  twice  yielding  32’ 
mg  of  XXI.  (Rf  -  0.43)  Recrystalllzatlon  from  benzene^tOH  gave  small  orange 
needles  (mp.  72-73^.  In  solution  XXI  a  red  side  product  (Rj.  ■  0.37)  formed 
slowly,  which  can  be  removed  by  chromatography.  The  mss  spectrum  shows  the 
molecular  peak  at  m/e  963,  a  typical  hydrocazbon  cleavage  pattern  and  an 
a-cleavage  N-Culles  (m/**  ^30)  proved  by  a  metastable  peak  at  m/e  ^00  (calc. 
983—^830:  699<4).  Attempts  to  measure  the  Pt-Pt  distance  by  a  powder  diffraction 
pattern  were  not  conclusive.  Therefore,  crystal  growing  experiments  are  in 
progress. 

A  Z4n9-ftfin^nf  ftrt 


It  would  be  of  some  advantage  to  bring  the  dye  system  even  nearer  to  the 
spine  than  in  vn.  One  possibility  could  be  to  coordlnatively  bind  the  metal 


01'  MIC  ti|'lne  no  onu  bnd  of  nhe  dye,  as  shown  in  formula  XXIZ: 


xm 


'Ilrnre  all II  would  be  no  direct  conjugation  between  spine  and  polarizable 
inl<  (<he  orbitMls  standing  perpendicular  to  each  other),  but  the  interaction 
wo'ild  be  as  strong  as  possible. 

In  Is  !^nown  from  the  chemistry  of  the  pyridines,  Utat  anhydrous  ZnCl^ 

l*^ 

activates  2*  and  U«ewthyl  groups  .rjst  the  same  as  quar tern Izat ion  does.  So, 
Instead  of  starting  witti  lepidinlum  oethiodide,  one  could  expect  the  lepidine- 
l'.nCl:<  oonplex  to  undergo  the  dye  formation,  which  is  indeed  the  case,  at 
preliminary  experiments  liave  shown.  (Cyanine  type  absorption  at  710  nm; 
lepidine  and  excess  anhydrous  ZnClc  were  refluxed  for  10  minutes  with  aniline/ 
orthoester.)  The  dye,  as  expected,  is  inswdiately  destroyed  upon  addition  of 
water.  Unfortunately,  we  were  unsuccessful  so  far  to  ca.'*ry  out  the  same  reaction 
with  d  transition  metals. 


-'^2- 
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RE8EARCH  REPORT 
Joseph  San  Filippo 
May.  1971 

Summary:  The  results  of  several  synthetic  approaches  to  the 
preparation  of  polymeric  chains  of  metal  atoms  are  discussed. 

Introduction  and  Discussion:  Two  classes  of  substances  are 
recognised  to  possess  the  semi -conductive  spine  necessary  to  test  the 
exelton  theory  of  superconductivity.  The  first  class  conslstc  of 
transition -metal  atoms  Interacting  in  the  crystalline  state,  along  the 
principal  axis  of  the  single  crystals.  This  class  is  not  readily  modified 
through  chemical  synthesis  and  will  not  be  discussed  further. 

The  second  class  consists  of  molecules  containing  polymeric  chains 
of  metal  atoms  held  together  by  truly  covalent  bonds.  The  properties  of 
these  "molecular  metals"  are  subject  to  modification  by  chemical 
synthesis  and  can,  therefore,  provide  a  direct  means  of  comparing  theory 
and  experiment.  In  view  of  the  semi -conductive  properties  of  single 
crystals  having  chains  of  metal  atoms.  It  Is  felt  that  In  a  condensed  state 
molecules  possessing  a  spine  of  covalent  metal  bonds  will  exhibit  an 
anisotropic  conductivity.  It  Is  further  felt,  although  the  problem  of 
charge  carriers  passing  between  such  one-dlmenslonal  molecules  remains 
unresolved,  that  a  chain  length  of  30  -  50  metal  atoms  may  be  required 
before  the  Intramolecular  properties  dominate  the  Intermolecular 
properties  In  these  systems.  Thus,  the  Investigation  of  synthetic 
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proceduri**  which  would  yield  epecific  molecular  eisee,  rather  than  a 
random  range  of  molecular  weights,  was  undertaken  with  initial 
InvuMtigations  centering  around  Group  IV  olemants  because  of  their 
demunttraled  capacity  to  catenate  through  covalent  bonds. 

Organogermanium  compounds  have  several  properties  which 
Muggested  that  germanium  oligomers  could  be  successfully  employed 
as  monomers  in  this  study.  First  they  are  air>stable  and  sufficiently 
volltlle  that  they  can  be  distilled  or  subjected  to  glpc  and  mass 
spectrographlc  analysis.  Second,  energetic  considerations  suggest  a 
modest  band  gap  for  germanium  chains  and  higher  energy  conduction 
electrons  could  be  Introduced  by  incorporating  Se.  To.  or  a  transition* 
metal  atom  into  the  chain.  The  major  disadvantage  of  germanium  is 
that  there  is  no  reaction  at  present  which  permits  the  selective  coupling 
of  two  germanium  atoms  as  required  for  the  preparation  of  germanium 
oligomers.  For  this  reason,  an  investigation  of  potential  germanium- 
germanium  bond  forming  reactions  was  undertaken. 

Hydrostanolysls  provides  an  efficient,  selective  means  of  forming 
tin-tin  bonds. 

RjSn  -  H  +  Sn  -  NR^'  - ►  RjSn  -  Sn  -  R^  +  R^  NH 

This  procedure  is  largely  unsuccessful  when  adopted  to  the  preparation  of 

germanium -germanium  bonds.  In  view  of 

RjGeH  +  R^GeNR'^  - »  Re^Ge-GeR^  +  R^NH 


th«  mechanism  suigeatad  for  hydrostannolysis^.  U  was  felt  that  Increasing 


^H.  M.  J.  C.  Creemers,  Ph. D.  Thesis,  Utrecht  University,  1969. 


the  electron  density  at  the  nitrogen  center  might  affect  the  desired  reaction. 
Based  on  a  simple  valence  bond  view,  the  aside  group  can  be 

expected  to  place  significant  electron  density  on  the  Inner  most  nitrogen. 

+  -  -  ♦ 

Therefore,  R  •  N  >  N  ■  N  < - >  R  •  N  •  NBN 

at  attempt  was  made  to  couple  an  alkylgermanlum  aside  with  an  organo- 
germane.  When  performed  under  a  variety  of  conditions,  this  reaction 
failed  to  produce  the  desired  product  and  returned  only  starting  materials, 
EtjGsNj  *  PhjGsH  - ^ — >  Et^Ge-GePh^  *  HN,  f 

Chains  containing  no  more  than  two  germanium  atoms  are  readily 
preparable  by  the  reaction  of  an  organogermanlum  halide  with  a  lithium 
organogermane.  However,  R^GeLl  4- R^Ge  X  — ^  R^Ge  -  GeR^  *  LIX 

the  utility  of  this  procedure  Is  decreased  as  the  length  of  the  chain  Is 
Increased,  due  to  the  accompanylag  facile  cleavage  of  germanium -germanium 
bonds  which  also  occurs  under  these  conditions.  In  an  effort  to  overcome 
this  latter  reaction,  a  system  employing  a  more  covalent  germanium- 
metal  reagent  was  examined. 

Bls[trlphenylgermanlum]  (blpyrldyl)alnc(ll)  UJ  Is  a  stable,  relatively 
oxygen  Insensitive  compound.  ^  These  properties  recommend  this 
reagent  as  a  potentially  useful  one  for  the  synthesis  of  germanium- 


-S6. 


gvrmanium  bunds  by  reaction  with  an  appropriate  subatrate  such  as, 
for  example,  an  organogermanlum  halide.  This  contention  was  supported 
by  the  fact  that  reacted  readily  with  methyl  iodide  to  produce  methyl- 
triphenylgermane.  Accordingly,  the  reaction  of^  with  triethylgermanium 
chloride  was  investigated.  However,  under  a  variety  of  conditions,  this 
reaction  failed  to  yield  any  of  the  desired  unsymmetrical  digermane 
coupling  product.  Analysis  of  the  reaction 

[PhjGelj  Zn  •  (bipy)  +  2  Et^GeCl - 0^  »  2  PhjGe  -  GeEl^-t  (bipy)  •  ZnClj 

showed  only  unreacted  starting  materials. 

The  formation  of  tin-tin  bond  by  the  overall  reaction  represented 

below,  is  well  documented!  Organogermanes  do  not  undergo  a  similar 

catalyst  A 

2  R,SnH  - >  R.Sn-SnR,  ♦  H,  f  (1) 

^  (egEtjNI!)  ^  3  2  1 

dehydrogenative  coupling,  presumably  because  the  germanium-hydrogen 
bond  is  considerably  stronger  than  the  tin-hydrogen  bond.  However, 
germanium  hydrides  which  are  also  substituted  with  one  or  more  transition 
metal  centers,  have  been  noted  to  display  a  reacti%'ity  similar  to  that 
of  the  more  reactive  organotin  hydrides.  Thus,  for  example, 
bis[cyclopentadienyl(dicarbonyl)iron]  germanium  dihydride  reacts  rapidly  with 
chloroform  at  room  temperature.  ^ 


^N.  Flitcoft,  D.  A.  Harbourne,  I.  Paul,  P.  M.  Tucker  and  F.  G.  A.  Stone, 


J.  Chem.  Soc.  A,  1130  (1966). 
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[CpCCO^Fe]^  Ge  H2 


[Cp(CO)2Fe]GeCl, 


The  marked  aimilarlty  In  reactivity  between  bi8[cyclopentadienyl- 
(dicarbonyl)iron]  germanium  dihydride  and  tin  hydride  in  this  respect 
suggested  that  such  an  intermediate  might  provide  a  convenient  route  to 
transition-metal  substituted  germanium  oligomer  by  a  hydrogen  extrusion 
process  similar  to  that  observed  for  tin  (eq.  1).  When  this  reaction 


m  [Cp(CO)2Fe]2GeH2 


catalyst 


(jCp(CO). 


was  carried  out  in  refluxing  benzene  using  diethylamine  as  a  catalyst, 
only  unreacted  hydride  was  recovered. 


An  attractive  approach  to  the  preparation  of  linear  intermetallic 
chains  is  suggested  by  a  monomer  unit  containing  a  specific  ratio  of 
transition-metal  and  tin  or  germanium  atoms.  A  planar  tetradentate 
ligand  about  the  transition  metal  center  w)  uld  prevent  cyclization  or 
clustering  of  the  metal  atoms.  Polymerization  could  be  accomplished 
presumably  by  taking  advantage  of  the  amine  catalyzed  coupling  of  tin 
hydrides  discussed  above.  This  approach  has  been  attempted  with  some 
success  in  these  laboratories,  utilizing  difunctional  compound  2. 

3 

Private  communication  from  D.  Murphy. 
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2 


In  view  of  the  fact  that  metal-metal  bondi  involving  a  lecond  or  third 
row  transition  metal  appear  to  be  significantly  stronger  than  the  analogous 
system  employing  a  first  row  transition  metal,  it  was  felt  that  the 
desirable  properties  of  the  cobalt  system  (2)  could  be  incorporated  into 
and  enhanced  by  employing  the  analogous  rhodium  system  (3). 
nnfortunately,  such  systems  are  unknown,  hence  a  synthesis  of  this 
compound  was  undertaken. 


X  =  Cl,  Br,  I 


3 
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The  substitution  inertness  of  the  rhodium(III),  combined  with  the 
fact  that  the  substitution  labile  +2  state  is  quite  uncommon  for  rhodium, 
prevent  the  ready  preparation  of  most  rhodium(III)  complexes  by 
procedures  which  have  proven  successful  for  synthesis  of  the  analogous 
cobalt  compounds.  For  this  reason  virtually  all  the  preparations  of  the 
few  quadridentateSdiiff  base  complexes  of  rhodium(III)  reported  to  date 

4 

have  involved  the  presence  of  a  suitable  reducing  agent  such  as  ethanol, 

4  4  4 

sodium  borohydride,  hydroazine,  hypophosphorus  acid,  or  zinc 

4  5 

amalgam;  ’  for  example. 


4 

R.  D.  Gillard,  J.  A.  Osborn,  and  G.  Wilkinson,  J.  Chem.  Soc.  1951  (196  5). 

5 

R.  J.  Cozens,  K.  S.  Murray,  and  B.  O.  West,  Chem.  Comm.  1262  (1970). 


RhCl,  •  XH,0  +  2(dmgH)  - >.  p  y  .  Rh(dmg),Cl 

3  2  80*  ^ 

dmgH  =  N,  N'-dimethylglyoxime 

The  most  recently  reported  preparation  of  a  quadridentate  Schiff-base 
complex  of  rhodium(III)  is  that  of  chloro(salen)(pyridinato)rhodium(III) 

(4)  produced  by  the  action  of  zinc  dust  on  rhodium  trichloride  (hydrate) 

in  a  hot  methanolic  pyridine  solution  of  N,  N'-ethylenebissalcylideneiminato, 

5 

abbreviated  as  salen. 

RhCl,  •  XH,0  +  salen  - — - ^  py  •  Rh(salen)Cl 

3  2  MeOH/py 

80"  4 
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Following  the  successful  repetition  of  the  above  reaction,  an  attempt 

was  made  to  adopt  this  procedure  to  the  preparation  of  3.  A  number  of 

.-vv* 

attempts  were  carried  out  under  slightly  different  conditions,  but  in  each 
instance  the  product  proved  to  be  an  intractable  brown  solid  which 
exhibited  a  very  broad,  ill-defined  infrared  spectrum.  Similar  results 
were  obtained  when  zinc  amalgam  and  sodium  borohydride  were  employed 
as  reducing  agents. 

The  lability  of  rhodium(I)  to  ligand  substitution  suggested  that  perhaps 
3  could  be  obtained  by  oxidation  of  the  corresponding  tetracoordinate 
complex  of  rhodium(I)  with  the  desired  univalent  Schiff-base  ligand,  (eg,  5.) 


[(OC)2RhCl]2  +  DOH2 


■^HCl  ^ 
-CO 


(I) 

L=:N'^ 


? 

N 


O 

I 

Ns 


Rh^^^(DOH)X2 


5 

AW 


Such  complexes  of  rhodium  are  unknown  and  several  attempts  to  prepare 
5  by  reaction  of  DOH,  with  p.-chloro(dicarbonyl)rhodium(I)  were 
unsuccessful,  producing  only  uncharacterizable  solids. 


^Bridge  splitting  reactions  of  [Rh(CO)2Cl]2  with  amines  have  been 
reported  by  Wilkinson  as  also  yielding  uncharacterizable  solids: 
D.  N.  Lawson  and  G.  Wilkinson,  J.  Chem.  Soc.  1900  (1965). 
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Wllkinson  has  reported  that  certain  ligand  substitution  reactions 
can  be  carried  out  directly  on  rhodium(lll)  species  aider  special 
conditions.^  Under  these  conditions,  dichIoro(tetrapyridinato)rhodium(Ill) 
salts,  when  refluxed  in  aqueous  solutions  containing  an  excess  of  a 
relatively  non-volatile  second  ligand,  pyridine  is  dispelled  from  the 
rhodium  complex.  By  removing  the  pyridine  as  it  is  formed,  the 
reaction  is  driven  to  completion. 

[(py)^RhCl2f  +  4L  - ^ »  [L^RhCl^f  +  4py  f 

This  procedure  suggested  that  a  similar  technique  might  allow  the 
preparation  of  3,  However,  although  the  evolution  of  pyridine  was  noted 
in  every  instancei  numerous  attempts  to  prepare  3  in  this  manner 
produced  only  hydrolyzed  ligand  and  various  aquo  rhodium(III)  salts. 

[(P7)^RhCl2f  +  DOH2  - ^  Rh(DOH)Cl2 

3 

Many  of  the  desired  properties  which  a  complex  such  as  3  would 

/iv 

presumably  provide  in  syntheses  directed  toward  the  preparation  of  metal- 
metal  oligomers^  are  potentially  available  with  compounds  whic^  contain 

7 

two  metal  atoms  joined  by  strong  homonuclear  metal-metal  bonds. 


7 


F.  A.  Cotton,  Accounts  Chem.  Research. 


2,  240  (1969K 


and  references  therein. 


Jo- 
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Figure  1  shows  the  structures  of  several  such  compounds.  These 
compounds  and  their  various  related  derivatives  have  been  postulated 

7 

as  having  quadrupole  metal-metsl  bonds. 


Cl 


Re 


Cl  Cl 


Re 


Cl 


Cl 


Cl 


6 


L  =  EtjP 

L  =  PhjP 

c,  L  =  Bu.P 

d,  L  =  Cl 


Figure  1. 


I 
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This  proposal  suggested  the  possibility  that  such  compounds  might  serve 
as  useful  monomers  in  reactions  leading  to  metal -metal  chains  by 
pathways  analogous  to  the  fashion  in  which  olefins  and  acetylenes  are 
employed  as  monomers  in  organic  polymerizations.  For  example, 


\  /  \  ✓  \ 

M*M  +  2  M  - » 

/  \/  \  /  \ 


\  /  \  /  \  4 

M  =  M - M' 

/  \  /  \  /  \  " 


(M'-- 


metal  complex) 


To  examine  this  possibility,  the  reaction  of  hexachloro- 

8 

bis(tri-n-butylphosphine)dirhenate(lII)  (6c)  with  several  d  metal  complexes, 
including  chlorocarbonylbis(triphenylphosphine)iridium(l)  and 
H.-chloro(dicarbonyl)rhodium(l),  were  investigated.  Invariably,  these 
reactions  afforded  only  unreacted  starting  materials.  Indeed,  the  analogy 
of  multiple  metal-metal  bonds  to  carbon  iT-systems  would  seem,  on  the 

g 

basis  of  a  cursory  investigation  of  chemical  reactivity,  to  be  unwarranted. 


g 

It  was  observed,  for  example,  that  unlike  olefins  and  acetylenes, 
multiple  metal-metal  bonds  do  not  react  with  bromine,  even  after  several 
hours  at  room  temperature. 


Tetracarboxylatodichlorodirhenate(Ill)  (7)  represents  a  potential 
alternative  to  the  quest  for  bifunctional  functional  monomer  similar  to 
3,  provided  the  terminal  halides  can  be  replaced  by  a  metal  or  metalloid 


-64- 


center,  thereby  enabling  the  preparation  of  a  linear  metal-metal  system. 
For  example,  a  related  reaction  was  envisioned  as  producing  a  linear 


Re,(OAc).Cl, 
Z  4  2 


-t-  2  L  *  (dmg)  Co 


(I) 


7 

'VW 


L 


N  / 

O  O  O  , 


chain  of  atoms  by  the  following  scheme. 


L 


Re^lOAcl^Cl^  +  NaBH^  - ^  Re2{OAc)^H2 


Re2(OAc)4H2 


When  carried  out,  each  of  the  reactions  outlined  above  produced 
only  unreacted  starting  dirhenate.  The  substitution  of  diisobutylaluminum 
hydride  for  sodium  borohydride  produced  a  reaction,  the  only  isolable 
product  from  which  was  a  small  amount  of  a  gelatanous  brown  substance. 
This  material  displayed  an  uncharacterizable  ir  spectrum  and  was 
insoluble  in  all  solvents. 

During  the  course  of  the  investigation  of  the  dirhenate(III)  complexes 
outlined  above,  it  became  desirable  to  have  derivatives  which  would  be 
readily  soluble  in  organic  solvents.  The  two  known  complexes. 
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hexachlorobis(triphenylpho8phine)clirhenate(III)(6a)and  -bi8{triethylpho8phine)- 

dirhenate(III),  are  either  slightly  soluble,  as  in  the  latter  instance, 

or  completely  insoluble,  as  in  the  former  case.  Accordingly,  the 

tri  -ij-butylphosphine  analogue  was  prepared.  As  anticipated,  6c  is 

AM/ 

[Bu^Nj^Re^Clg  +  2Bu,P  >  Re^Clgin-BUgP)^ 


nicely  soluble  in  a  broad  spectrum  of  organic  solvents. 

The  considerable  difference  in  solubilities  of  the  triphenylphosphine 

and  tri-n-butylphosphine  complexes  suggested  that  it  would  be 

relatively  easy  to  isolate  the  unsymmetrically  substituted  complex 

hexachloro(triphenylpho8phine)(tri-n-butylpho8phine)dirhenate(III)  (10). 

/•Mv 

Such  a  complex  would  be  desirable  for  investigations  aimed  at  examining 
possible  rotational  isomerism  about  the  rhenium- rhenium  bond  in 
dirhenate(IIl)  systems,  as  determined  by  nmr  techniques.  Indeed,  it  was 
found  that  10  could  be  readily  obtained  and  in  good  yield,  by  making  use 

AM/ 

of  the  considerable  difference  in  solubility  of  the  three  complexes. 
[NBu^][Re2Clg]  +  n-Bu^P  +  Re2Clg(BUgP)(Ph2P)  +  Re^ClglBugP)^ 


6b. 

insoluble 


iJi/ 

intermediate  solubility 


6c_ 

very  soluble 


Cotton  has  described  the  preparation  and  X-ray  crystallographic 

9 

analysis  of  pentammonium(nonachloro)dimolybdenate(lI)  (11). 


F.  A.  Cotton  and  J.  V.  Brenic,  Inorg.  Chem.  ,  9,  346  (1970). 
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The  fact  that  this  aubatance  ia  iaoatructural  and  laoelectronic  with 
octachlorobia(tetra-^-butylanimonium)dirhenate(II),  the  precuraor 
employed  in  the  preparation  of  all  the  dirhenate(III)  complexea 
diacuaaed  above,  auggeated  that  l^might  aerve  aa  a  aimilar  precuraor 
to  related  dimolybdenate(ll)  complexea.  Such  derivatlvea,  if  available, 
could  provide  an  inexpenaive  aubatitute  to  the  more  expenaive  rhenium 
analoguea  under  inveatigation.  To  determine  the  feaaiblllty  of  auch  a 
propoaal  the  ayntheaia  of  aeveral  potentially  uaeful  derivatlvea  of  thia 
ayatem  were  undertaken. 

The  addition  of  tri-j}-butylphoaphine  to  a  methanollc  auapenaion  of 
i^reaulta  in  an  immediate  reaction,  aa  evidenced  by  the  rapid  color 
change.  The  deep  blue  cryatalline  aolid  iaolated  by  filtration,  analyzed 
aa  tetrachlorotetra(tri-a>butylphoaphine)dimolybdenate(II)  (12a) 


(NH^lgMo^Clg 


4  n-BUjP 


MeOH 

0* 


Mo2Cl^(n-BUjP)^ 


11 


12a 
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Molecular  weight  determinationi  in  chloroform  and  spectral  data 
(vide  infra)  are  consistent  with  this  assignment.  Similar  reactions 


employing  various  related  ligands  produces  analogous  complexes. 


(NH^ljMojCl, 


MeOH 


MOjCl^L^ 


L  =  PhjP,  EtjP,  (MeO)jP 
12b  12c  12d 

AIV 

In  contrast  to  the  dirhenate(lll)  system,  the  reactions  of  the 
dimolybdenate(ll)  complex  ^^with  phosphites  provides  stable,  howbeit 
air-sensitive,  phosphine  complexes.  This  oxygen-sensitivity  extends 
to  other  derivatives.  Thus,  unlike  their  dirhenate  analogs,  the  triphenyl- 
and  trialkylphosphine  complexes  Ji2j^-^show  varying  degrees  sensitivity 
to  oxygen  ranging  from  the  moderately  reactive  complex  12b  and  12 d  to 
relatively  unreactive  complexes  and 

In  the  course  of  characterising  the  previously  unknown  derivatives 
of  hexachlorodirhenate(III)  and  tetrachlorodimolybdenate(ll)  described 
above,  the  nmr  spectrum  of  these  complexes  was  examined.  Unlike 
the  nmr  spectrum  of  many  phosphine  metal  complexes  u^ich  are  little 
changed  from  that  of  the  free  ligand  itself,  the  'H  nmr  spectrum  of 
these  complexes  displayed  marked  differences  from  that  of  the  free 
ligand.  Thus,  an  examination  of  hexachlorobis (triethylphosphine)- 
dirhenate(lll)  (6a)  revealed  two  distinct  multiplets,  one  centered  at  1. 18^, 
the  other  at  2.42(f  ,  in  a  ratio  of  2  :  1.  By  contrast  the  'H  nmr  of  free  triethyl 
phosphine  consists  of  one  complex  multiplet  ranging  from  0. 86  •  1 . 5ZS  • 
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Likewise,  hexachlorobii(tri-ji-butylphoiphine)(lirhenate  (6c)  exhibited 
three  distinct  resonances:  0.  92J  (triplet,  (3H),  1.36^  (br,  4H)  and 
2.  36(5  (br,  2H),  while  the  spectrum  of  free  tri-n>butylphosphine  consists 
of  one  resonance  at  0.95^  (triplet,  3H)  and  another  at  1.  35(5  (multiplet,  6H). 

The  following  additional  observations  were  made.  First,  the 
addition  of  free  ligand  has  no  effect  on  the  spectrum  of  these  complexes. 
Second,  the  spectra  described  above  remained  unchanged  over  a 
temperature  range  of  +35*  to  +180*.  These  further  observations  exclude, 
respectively,  a  ligand  exchange  process  proceeding  via  a  dissociative 
pathway  and  second-order  paramagnetism^^  as  being  responsible  for 
the  unusual  spectra  of  these  compounds. 


^^For  a  discussion  of  the  effects  of  temperature  on  the  second-order 
paramagnetism  and  the  'H  nmr  spectra  of  several  phosphine  complexed 
rhenium(III)  compounds,  see:  E.  W.  Randall  and  D.  Shaw,  J.  Chem. 
Soc.  A,  2867  (1969). 


These  and  similar  spectral  observations  on  related  dimolybdenate(II) 
complexes  (vide  infra)  can  be  most  simply  explained  as  arising  from  the 
diamagnetic  anisotropic  shielding  of  the  protons  on  the  carbon  adjacent 
to  phosphorous,  resulting  from  the  presence  of  a  multiple  metal-metal  bond. 

McConnell^ ^  has  derived  an  approximate  relationship  describing 
the  effect  of  diamagnetic  anisotropy  caused  by  an  axially  symmetrical 
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group  of  electrons,  G,  in  which  r  is  the  distance  between  the  proton  and 
(3  cos^-e -1)  (X  -Xt) 

=  - 3 - ^ -  (2) 

3r^ 

the  electrical  center  of  gravity  of  G  (in  the  present  case,  the  mid-point 
of  the  metal-metal  bond), is  the  acute  angle  which  r  makes  with  the 
symmetry  axis  and  X^  and  X,^  are,  respectively,  the  longitudal  and 
transverse  magnetic  susceptibilities  of  the  molecule  in  question. 


M.  McConnell.  J.  Chem.  Phvs. .  27.  226  (1957). 


It  is  seen  that  this  function  changes  sign  at^=  55*  44'.  There  are, 
therefore,  two  conical  regions  extending  from  each  end  of  a  multiple  bond 
within  which  the  shielding^  ,  which  affects  the  proton,  will  be  positive 
(ie.  an  upfield  shift  results)  while  a  proton  in  the  region  without  the  cone 
will  suffer  a  negative  or  deshielding  influence  (ie.  a  down-field  shift).  It 
is  important  to  note  that  the  regions  denoted  in  Figure  2  show  only  the 


Figure  2. 
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sign  of  the  shielding  as  a  function  of-O'.  The  niagnitude  of  the  shielding 
in  each  region  increases  towards  the  symmetry  axis  of  the  region  and 
toward  the  electrical  center  of  gravity  of  the  metal-metal  bond. 

In  general,  the  values  of  and  for  any  group  G  can  seldom  be 
measured.  In  the  absence  of  such  information  the  quantity  (X^  -  X,^) 
may  be  eithnr  positive  or  negative.  For  the  present  system,  a 
consideration  of  simple  geometric  factors  reveals  that  this  value  must  be 
positive,  ie.  (Xj^-  X^)  >  0.  Thus,  Figure  3  illustrates  the  Re-Re-P 
bond  geometry  for  hexachlorobis(triethylphosphine)dirhenate(III)  as 

7 

reported  by  Cotton  and  Foxman.  Knowing  the  Re -Re  bond  length 
(2.222  A)  and  the  Re-P  bond  distance  (2.  449A )  leads  to  a  value  for 
the  acute  angle  between  the  electrical  center  of  gravity  and  the  phosphorous 
nucleus,  of  65°  35'.  This  value  exceeds  by  a  significant  amount 

/ 

/ » 

Re 

2.  449A 

90° 

r 

/ 

J 

Figure  3. 

the  value  of  55°  44'  at  which  the  function  described  in  eq.  2  changes  sign. 

It  follows,  therefore,  that  the  proton  nuclei,  which  of  course  lie  below 
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the  phosphorus  center  and  hence  at  an  even  greater  angle  on  the  average 
the  phosphorus,  must  lie  well  without  the  positive  cone  and  in  the 
negative  region  pictured  in  Figure  2. 

It  is  clear  from  the  observed  'H  nmr  spectrum  that  the  protons  on 
the  carbon  adjacent  to  phosphorus  in  hexachlorobis(triethylphosphine)dirhenate(llI) 
and  in  related  complexes,  experience  a  considerable  deshielding 
(ie.  (f  (GX  0).  This  observation  taken  together  with  eq.  2  requires, 
therefore,  that  (X^--  Xj^)  >  0. 

The  strong  deshielding  (<^1  ppm)  observed  in  dirhenate(lll)  systems 
is  also  found  in  appropriate  derivatives  of  the  dimolybdenate(ll)  system, 
although  of  a  somewhat  lessened  magnitude.  Thus,  for  example,  the 
'H  nmr  spectrum  of  tetrachlorotetra{tri-ji-butylphosphine)dimolybdenate{II) 

(12a)  revealed  three  resonances:  0.83(5  (triplet,  3H),  1. 32^  (multiplet,  4H) 
and  2.  lOcf  (br,  2H). 

A  further  indication  that  the  deshielding  which  is  observed  in  these 

systems  is,  in  fact,  the  result  of  diamagnetic  anisotropy  is  evidenced 

by  the  fact  that  it  is  not  limited  solely  to  protons  on  the  centers 

immediately  adjacent  to  phosphorus.  A  case  in  example  is 

tetrachlorotetra(trimethylphosphite)dimolybdenate(Il)  (12d),  the  'H  nmr 

methyl  resonance  for  which  occurs  at  3.  74(5  ;  by  comparison,  the  same 

resonance  in  the  free  ligand  appears  at  3.  52^'  .  Thus,  as  expected, 

.3 

in  accordance  with  the  r  dependence  described  by  eq.  2,  the 
magnitude  of  the  deshielding  experienced  by  these  more  remote  nuclei  is 
noticeably  reduced. 
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The  discussion  presented  thus  far  has  established  that  the  anamolous 
deshielding  observed  in  the  proton  nmr  spectra  of  various  complexes 
proposed  to  contain  multiple  metal-metal  bonds  are  explicable  in  terms 
of  diamagnetic  anisotropic  shielding  produced  by  the  axially  symmetrical 
arrangement  of  electrons  at  the  metal-metal  center.  This  argument 
would  be  strongly  enhanced  if  it  could  be  demonstrated  that  a  similar 
effect  did  not  result  in  an  analogous  effect  in  a  system  in  which  the 
metal-metal  bond  was  known  to  be  a  single  (f  bond.  Unfortunately,  systems 
which  at  present  are  recognized  to  contain  a  single  metal-metal  (T-bond, 
eg.  bisdimethylglyoximato(triphenylphosphine)rhodium(II),  are  not 
readily  modified  to  an  arrangement  of  ligands  in  the  radial  manner, 
ie.  at  right  angles  to  the  metal-metal  axis,  as  would  be  required  for  a 
valid  comparison  with  the  dirhenate(Ill)  or  dimolybdenate(II)  systems. 

Some  final  observations  concerning  the  'H  nmr  spectra  of  these 
complexes  are  noteworthy.  The  down-field  methylene  resonance 
observed  in  the  tri-n-butylphosphine  derivatives  showed  considerable 
broadening,  exhibiting  a  width  at  half-height  of  Hz.  Such  broadening 
is  probably  the  result  of  strong  spin-spin  coupling  of  'H  with  the 
nucleus,  superimposed  on  the  usual  second  order  proton-proton 
coupling  of  the  butyl  chain.  Quadrupole  broadening  as  a  result  of 
spin-spin  coupling  of  'H  with  the  naturally  occuring  high  spin  (S  =  5/2) 
isotopes  of  rhenium  100%)  or  molybdenum  ®^Mo,  25%) 

would  not  appear  to  be  of  any  significance  in  these  instances  since  a 
similar  broadening  was  not  observed  in  the  spectra  of  the  analogous  triethyl 


derivatives. 
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Attempts  to  achieve  proton-proton  decoupling  by  double 

irradiation  techniques  were  only  partially  successful.  While  such 

experiments  indicated  that  strong  coupling  was  involved,  complete 

decoupling  was  never  obtained,  hence  coupling  constants  could  not 

3 1 

be  assigned.  Heteronuclear  (  P)  decoupling  would  have  been  most 
desirable  but  was  not  available. 


Complexes  12a-d  present  an  interesting  problem  in  stereo- 
chemistry.  The  similarity  between  the  method  of  preparing  these 
complexes  and  that  employed  to  prepare  j6a^,  when  taken  together 
with  the  demonstrated  isostructural  relationship  which  exists  between 
octachlorobis(tetra-n-butylammonium)dirhenate(III),  the  precursor  to 
the  phosphine  complexes  6a^,  and  nonachloropentaammoniumdimo- 
lybdenate(ll),  the  precursor  to  the  phosphine  complexes  strongly 

suggest  that  the  phosphine  ligands  in^^Za-^^are  equally  divided  between 
the  two  molybdenum  centers,  ie,  two  on  each.  Any  other  arrangement 
would  necessitate  that  these  ligands  be  in  non-equivalent  environments, 
a  requirement  which,  barring  accidental  magnetic  equivalence,  is  not 
substantiated  by  their  'H  nmr  spectra. 

In  light  of  these  considerations.  Figure  4  illustrates  the  likeliest 
structures  for  12,  as  viewed  looking  down  the  molybdenum- 
molybdenum  bond. 


J.  Shaw,  Nature,  184,  562  (1959);  ibid.  ,  186,  233  (I960). 
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sharp  1  :  1  doublet  in  cia  substituted  complexes  or  in  the  free  ligand 
itself,  becomes  a  distinct  1:2:1  triplet  when  these  ligands  occur 
trans  to  each  other  in  a  phosphine -metal  complex.  The  fact  that  the 
methyl  resonances  of  both  tetrachlorotetra(phenyldimethylphosphine)- 
and  -tetra(trimethylphosphite)dimolybdenate(II)  appear  as  single, 
distinct  triplets  (J  =  4.  0  Hz  and  6.  0  Hz,  respectively)  is  consistent  with  a 
trans  arrangtment  of  these  ligands  on  the  same  metal  center  as  c^hown 
in  12-i  and  12-ii.  These  results  exclude,  therefore,  12-iii  and  12  iv 
as  possible  structures:  they  do  not  permit  an  unambiguous  choice 
between  the  two  remaining  structures,  12-i  and  12-ii. 


Experimental  Section 


General.  Melting  points  were  obtained  using  a  Thomas -Hoover 
capillary  melting  point  apparatus  and  are  uncorrected.  Magnesium 
sulfate  was  employed  as  a  drying  agent  unless  otherwise  stated. 

Nmr  spectra  were  determined  on  Varian  T-60  or  HA-100  spectrometers 
s.  emical  shifts  are  reported  in  parts  per  million  relative  to  internal 
tetramethylsilane  and  coupling  constants  are  in  hertz.  Infrared 
spectra  were  taken  in  sodium  chloride  cells  on  a  Perkin-Elmer 
Model  457  grating  spectrometer.  Mass  spectra  were  obtained  on  a 
Hitachi-Perkin-Elmer  Model  RMV-60  mass  spectrometer.  Analytical 
glpc  analyses  were  performed  on  Hewlett-Packard  Model  5750 
instrument  equipped  with  thermo  conductivity  detectors  and  Disc 
integrator.  Response  factors  were  obtained  with  authentic  samples. 
Static  nitrogen  atmospheres  were  employed  in  all  reactions  involving 
organometallic  compounds. 

Diethyl  ether  was  distilled  under  nitrogen  froih  lithium  aluminum 
hydride  before  use.  Tetrahydrofuran  was  distilled  from  calcium 
hydride  under  a  nitrogen  atmosphere.  Pentane  and  methanol 
(Matheson  Coleman  and  Bell  spectral  quality)  were  used  without 
purification. 

Triethylgermanium  azide  was  prepared  by  a  procedure  similar 

1 3 

to  that  described  by  West  for  the  preparation  of  trimethylgermanium 
azide.  Triethylgermanium 
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S.  Thayer  and  R.  West.  Inora.  Chem. .  3.  889  (1964). 
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chloride  (5.  Og,  25.6  mmol;  Alfa  Inorganic)  was  dissolved  in  100  ml 

of  anhydrous  ether  and  transferred  to  a  250  ml  separatory  funnel. 

To  this  solution  was  added  2.  3g  (35  mmol)  of  sodium  azide  in  75  ml  of 

0.  1  M  hydrochloric  acid.  The  resulting  mixture  was  shaken  for  30 

minutes.  The  layers  separated  and  the  aqueous  portion  extracted  with 

10  ml  of  ether.  The  ether  extracts  were  combined,  dried,  and 

reduced  in  volume  under  reduced  pressure.  Fractionation  of  the 

remaining  solution  provided  4.  4g  of  triethylgermanium  azide, 

bp  104  -  108 ‘  (30  mm  Hz),  as  a  clear,  colorless  liquid  with  a  pungent 

odor.  It  had  ir  (CCl^,  CS2)  3360  (ev),  2955(s),  2930(s),  2905(s). 

2872(s),  2095(N,vs),  1460(m),  1420(m),  1378(m),  1343(m), 

1285(s),  1245(m),  1146(w),  lllO(w),  1020(m),  970(w),  780(m),  760(m), 

700(m)  cm~^.  Its  nmr  (CCl^)  was  very  similar  to  that  reported  for 

14 

triethylgermanium  chloride  and  consisted  of  an  ^^82  pattern  centered 


M.  Mackay  and  R.  Watt,  J.  Organomet.  Chem.  6,  336  (1966). 


at  1.10.  Glpc  analysis  on  a  4  foot,  1/8  inch  UC-W  98  column  at  120” 
indicated  <1%  triethylgermanium  chloride. 
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BiifcyclopentadienyKdlcarbonvDlronlgermantum  diiodide  was 
prepared  by  a  procedure  similar  to  that  described  by  Stone.  ^  ^ 
Germanium  diiodide^^  (1.6lg,  10  mmol)  was  placed  in  a  500  ml  1 -necked 

Flitcroft,  D.  A.  Harbourne,  1.  Paul,  P.  M.  Tucker,  and 
F.  G.  A.  Stone,  J.  Chem.  Soc.  A.  1130  (1966). 

^^Inorg.  Syntheses.  3,  63  (1947). 


round  bottom  flask  to  which  was  attached  a  reflux  condenser.  Benzene 
(100  ml)  was  added  along  with  1.71g  (10.0  mmol)  of  cyclopentadienyl- 
(dicarbonyl)lron.  This  mixture  was  refluxed  for  24  hours  under  a 
nitrogen  atmosphere.  After  allowing  to  cool  to  reeom  temperature, 
pentane  (300  ml)  was  added  and  the  resulting  mixture  placed  in 
freezer  (-30*)  overnight.  The  brown  crystals  which  formed  were 
collected  by  suction  filtration.  Yield:  48%.  The  ir  and  nmr  were 
consistent  with  that  of  the  expected  product. 

Bistriphenylgermanium(bipyridal)zinc(tl)  has  been  mentioned 
briefly  without  experimental  detailsl*^  The  following  procedure  was 


17 

H.  M.  J.  C.  Creemer,  Ph.  D.  Thesis,  Department  of  Chemistry, 
University  of  Utrecht,  1969  (p.  111). 
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developed  for  its  preparation. 

A  100  ml,  2- necked  flask  equipped  with  a  Teflon  coated  stirring 
bar  was  flame-dried  under  a  nitrogen  flush  before  introducing  3.  Ig 
(ZO  mmol)  of  bypyridyl.  A  nitrogen  inlet  adapter  was  placed  in 
on  necked  and  a  No -Air  rubber  septum  in  the  other.  Tetrahydrofuran 
(20  ml)  was  added  by  syringe  and  the  contents  of  the  flask  brought  into 
solution.  With  efficient  stirring  a  hexane  solution  of  diethylzinc 
(16.4  ml,  20  mmol;  Ethyl  Corporation)  was  added  in  one  portion  by 
syringe.  The  solution  immediately  turned  dark  red.  After  stirring  for 
15  minutes,  a  solution  of  triphenylgermane  (12.  2g,  40.0  mmol)  in 
THF  (30  ml)  was  added.  The  volume  of  the  resulting  solution  was 
then  cautiously  reduced  at  <  40  mm  while  maintaining  vigorous  stirring. 
As  the  more  volitile  components  were  removed,  the  temperature  of  the 
reaction  flask  was  slowly  raised  until  after  25  min.  a  pot  temperature 
of  130*  was  reached.  The  remaining  mixture  was  heated  at  130* 
at  a  pressure  of  ^1  mmHg  for  30  min.  Upon  cooling,  the  resultant 
mass  was  dissolved  in  80  ml  of  THF,  filtered  and  the  volume  of  this 
solution  reduced  to  <^20  ml  under  reduced  pressure.  Upon  addition 
of  200  ml  of  pentane  to  this  solution  an  iixunediate  precipitation  of 
orange-red  crystals  occurred.  These  were  collected  by  suction 
filtration  and  dried  under  vacuum  in  a  descicator.  Bistriphenyl- 
germanium(bipyridyl)zinc(ll)  is  a  stable  solid  which  can  be  handled 
in  air  for  short  periods  of  time  but  a  capped  vial  of  this  material 
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stored  in  the  laboratory  atmosphere  showed  considerable  decomposition 
after  two  weeks.  The  solid  is  soluble  in  a  broad  range  of  organic 
solvents  but  reacts  rapidly  with  halocarbon  solvents  such  aSchloroform 
or  other  materials  having  functionalities  suitable  to  reaction,  eg. 
carbon  disulfide.  It  had  nmr  S  showing  a  complex  multiplet 

center  at  7.  Z<S  ,  exhibiting  no  evidence  of  a  germanium  hydride  which 
appears  at  5.75^  for  triphenylgermane. 

The  preparation  of  biarcyclopentadienyl(dicarbonyl)iron1germanium 

dihydride  was  accomplished  by  a  modification  of  the  procedure  described 
1 5 

by  Stone.  Bis[cyclopentadienyl(dicarbonyl)iron]germanium  diiodide 
(6.80g,  10.0  mmol)  was  suspended  in  300  ml  of  THF  in  a  500  ml  flask. 

A  suspension  of  sodium  borohydride  (2.  Og,  50  mmol)  in  THF  50  ml  was 
added  and  the  resulting  mixture  stirred  under  nitrogen  for  15  minutes 
before  adding  15  ml  of  anhydrous,  oxygen-free  methanol  and  continuing 
to  stir  overnight.  The  mixture  was  then  reduced  to  near  dryness  on  a 
rotary  evaporator  before  adding  150  ml  of  a  benzene -hexane  mixture 
(10  :  1).  The  entire  mixture  was  chromatographed  under  nitrogen  over 
an  18  inch  column  of  alumina  (activity  1).  Ihe  elutent  was  evaporated 
to  dryness  under  a  reduced  pressure  of  an  inert  atmosphere.  Attempts 
to  sublime  the  resulting  solid  as  reported  by  Stone,  et  al.  were 
unsuccessful  and  the  material  was  used  without  further  purification. 

Rhodium(II)  and  molybdenum (II)  acetate  were  prepared  by  the 

18 


convenient  procedure  described  by  Wilkinson. 


-81- 


1 8 

P.  Lezzdins,  R.  W.  Mitchell,  G.  L.  Rempel,  J.  D.  Ruddick,  and 
G.  Wilkinson,  J.  Chem.  Soc.  .  A,  3322  (1 970);  T.  A.  Stepheson,  E.  Bannister, 
and  G.  Wilkinson,  ibid.  ,  2538  (1964). 


Tiingsten(II)acetate.  During  the  course  of  the  investigation  discussed 
above  it  became  desirable  to  have  available  the  tungsten  analogue  of 
molybdenum(II)  acetate.  Tungsten(II)  acetate  was  prepared  in  low  yield 
by  a  modification  of  the  procedure  used  to  synthesize  molybdenum(II) 
acetate.  Tungsten  hexacarbonyl  (10.  Og  was  refluxed  in  glacial  acetic 
acid  under  nitrogen  for  3  hours.  The  resulting  solution  was  cooled  to 
room  temperature  and  treated  with  ether  until  no  further  solid 
precipitated.  The  solid  which  formed  was  suction  filtered  and  transferred 
to  a  Soxlet  extraction  cup  and  extracted  for  three  days  with  THF  under 
nitrogen.  There  appeared  at  this  time  ^g  of  a  yellow  solid  in  the 
bottom  of  the  extraction  pot.  Isolated  and  dried,  this  substance  had  ar 
ir  (KBr)  very  similar  to  that  of  molybdenum(II)  acetate.  The  nmr 
(CDClj)  showed  only  one  resonance,  a  singlet  at  2.  OcT  .  Analysis  of 
this  material  carried  out  without  further  purification  gave  C,  17.  3%; 

H,  2.35%.  Calc  for  C2H3O2W:  C,  16.  1%;  H,  2.0%. 

trans-Dichl3ro(tetrapyridinato)rhodium(III)chloride  was  prepared  by 

19 

the  method  of  Gillard,  Osborn,  and  Wilkinson. 
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R.  D.  Gillard,  J.  A.  Osborn  and  G.  Wilkinson,  J.  Chem,  Soc.  , 
1951  (1965). 


[Bis(tetra-j^-butylammonium)]octachlorodirhenate(III)  was  prepared  by 
the  procedure  described  by  Cotton  and  co-workers.^® 


^®F.  A.  Cotton,  N.  F.  Curtis  and  W.  R,  Robinson,  Inorg,  Chem. 
1696  (1965). 


4, 


Hexachloro(bi8tri-n-butylphosphine)dirhenate(III)  was  prepared  by 
a  procedure  analogous  to  that  described  for  the  synthesis  of  the  triethyl- 
phosphine  derivative.  To  a  solution  of  [Bu^N]2[Re2Clg]  (l.Og,  0.877  mmol) 
in  methanol  (50  ml)  was  added  tri-ji-butylphosphine  (l.Og,  5.0  mmol). 

The  solution  changedfrom  a  deep  blue  to  a  dark  green  almost  immediately. 
After  stirring  for  an  additional  30  minutes,  the  dark-green  crystals 
that  formed  were  collected  by  suction  filtration  and  rinsed  with 
10  -  20  ml  of  chilled  (-78”)  methanol  and  finally  with  100  ml  of  pentane. 
Total  yield  was  90%.  Anal.,  calc  for  C2^Hg^ClgP2Re2:  C,  28.82; 

H,  5.40;  Cl,  21.32;P,  7.  20;  Found:  C,  28.«11;H,  5.  26;  Cl,  21.63; 

P,  6.34.  Mol.  wt.  (osmometry  in  CHClg):  calc,  989.  Found,  980. 
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The  nmr  of  this  complex  has  been  discussed  in  detail  (vide  supra  ). 
The  ir  of  hexachloro(bi8tri-n-butylpho8phiiie)dirhenate  in  CHClj  was 
indistinguishable  from  the-  of  free  tri-n-butylphosphine  in  CHCl^. 

Dichloro(tetracarboxylato)dirhenate(III)  was  prepared  by  the 
procedure  outlined  by  Cotton  and  coworkers. 


A.  Cotton,  N.  F.  Curtis,  B.  F.  G.  Johnson  and  W.  R.  Robinson, 
InorK.  Chem.  ,  4,  326  (1965). 

-  'SK) 


Dichlorobisdimethglyoximato rhodium(III)  was  synthesized  by  the 

4 

method  discussed  by  Wilkinson. 

Chlorobi8dimethylglyoximato(triphenylpho8phine)rhodium(III) 
was  prepared  by  treating  a  suspension  of  [Rh(dmg)2Cl]  *  HCl  (see  above) 
in  methanol  containing  1.  1  equiv.  triphenylphosphine  with  potassium 
hydroxide.  After  stirring  overnight,  the  crystalline  product  was 
collected  by  suction  filtration,  rinsed  with  methanol  and  air  dried. 

Ph^P  •  Rh(dmg)2Cl  is  largely  insoluble  in  organic  solvents  and  it  should 
be  further  noted  that  this  procedure  is  not  general  in  that  attempts 
to  prepare  analogous  derivatives  using  tri-ji-butyl-  or  phenyldimethyl- 
phosphine  did  not  yield  the  corresponding  phosphine  complex  of 
Rh(dmg)2Cl. 

The  synthesis  of  nonachloropentaammoniumdimolybdenate(II)  was 

22 


performed  as  described  by  Cotton. 
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A.  Cotton  and  J.  V.  Brencic,  Inorg.  Chem. 


9,  346  (1970). 


Tetrachlorotetra(tri-n-butvlpho8phine)dimolybdenate(II)  was 
prepared  by  treating  a  suspension  of  (NH^)gMo2Cl^(3.  Og,  5.  0  mmolUn 
anhydrous  methanol  50  ml  at  0“  with  tri-n-butylphosphine  (5.  Og,  2  5  mmol). 
An  immediate  reaction  occurred  as  evidenced  by  the  rapid  color 
change  from  bright  red  to  deep  magenta.  After  stirring  for  an  additional 
15  minutes  at  0°,  the  mixture  was  filtered  under  suction  and  the  dark 
crystals  collected.  The  crude  yield  was  virtually  quantitative.  These 
crystals  were  washed  with  20  -  40  ml  of  cold  (-78°)  methanol  and  dried 
under  vacuum  in  a  descicator.  Attempts  to  recrystalize  led  only  to 
decomposition.  The  nmr  spectrum  of  Mo2Cl^(n-Bu2P)^  has  been 
discussed  (vide  supra).  Anal;  Calc  for  C^gHjQgCl^P^Mo2  C,  50.44; 

H,  9.  52;  Cl,  12.43;  P,  10.86.  Found:  C,  5023;  H,  9.24;  Cl,  12.24; 

P,  11.20.  Mol,  weight:  Calc,  1141.8.  Found  (Osmometry,  CHCl^) 

1149.  The  ir  of  Mo2Cl^(n-Bu2P)^  in  CHCl^  was  virtually  equivalent 
to  that  of  the  free  ligand  in  CHCl^. 

Tetrachlorotetra(phenyldimethylphosphine)dimolybdenate(II)  was 
prepared  in  a  manner  analogous  to  that  described  immediately  above 
using  3.  Og  (5.  0  mmol)  of  (NH^)gMo2Clg  and  2g  of  phenyldimethylphosphine. 
The  product,  isolated  by  suction  filtration  of  the  chilled  (-78°)  mixture. 


was  a  dark  blue  crystalline  solid,  which  was  soluble  in  most  organic 
solvents.  The  ir  in  CHCl^  was  equivalent  to  that  of  the  free  ligand 
in  CHClj.  It  had  nmro*  (CDCl^)  consisting  of  a  complex  multiplet  centered 
at  7.2<f(5H)  and  a  triplet  at  2.35  (6H1.  Anal:  Calc  for  0^2  ^44  Cl^ 

C,  43.35;H.  4.  97;  Cl.  16.03;P,  14.00.  Found:  C,  42.  55;  H,  47.  f  ; 

Cl,  16.02;  P,  14.23.  Mol,  weight:  Calc.  885. 8;  Found 
(osmometry  in  CHCl^)  867. 

The  preparation  of  tetrachlorotetra(trimethvlpho8phite)- 
dimolybdenate(II)  and  -(triphenylpho8phine)dimolybdenate(II)  was 
carried  out  in  a  manner  exactly  analogous  to  the  two  procedures  described 
above,  except  that  they  were  performed  under  anaerobic  conditions. 
Because  of  the  oxygen-sensitive  nature  of  these  compounds  analyses 
could  not  be  obtained.  Mo2Cl^(PhjP)^  is  a  blue -black  crystalline  solid, 
which  dissolves  readily  in  chloroform  to  produce  a  blue-green  solution. 
Mo2C1^[CH^O)^P]^  was  isolated  as  a  dark  blue  crystalline  solid 
which  was  quite  soluble  in  most  organic  solvents. 
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RESEARCH  REPORT 

Don  Murphy 
July  1,  1971 


The  strategy  of  synthesizing  intermetallic  polymers  linked  by 
covalent  metal-metal  bonds  has  been  described  in  previous  reports^ 

This  reasoning  led  to  synthesis  aimed  at  using  the  tin  hydride -hydrogen 
elimination  coupling  reaction  (hydrostannolysis)  on  transition  metal  systems 
with  tin  hydrides  in  trans  positions  to  prevent  cyclization.  The  general 
scheme  then  iS| 

\  \  y  \  I  /  \l  / 

M  - >  H-R,Sn  M  SnR,-H  - >  4R,Sn  M  SnR-l- 

/  ,  N  2  /  \  2  t  2  /  I  s.  21-n 


the  transition  metal  tin  hydride  coming  from  reduction  of  the  appropriate 
transition  metal  tin  halide. 


Transition  metal  tin  halides  have  been  prepared  in  a  number  of  ways: 

- >  ClR^Sn  -  MLn), 


(1)  direct  synthesis  (R2SnCl2 


(2)  electrophilic  cleavage  of  organic  groups  from  tin 
X. 


(X^Sn  -  MLn 


‘2 

HX 


HgX, 


Cl^Rj  ^Sn  -  MLn),  (3)  disproportionation 


reactions  (2R^Sn  -  MLn  +  Cl^Sn  -  MLn - >  SClR^Sn  -  MLn),  and 

(4)  Grignard  reactions  (Cl^Sn  -  MLn - ^ 
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The  last  report  describes  efforts  using  the  Cobalt  bis(diacetyl- 
monoxirne-imino)propane  1,3  [(DOH),  ]  system.  We  were  able  to 

bind  organotin  groups  in  trans  positions  on  cobalt  with  this  system 
(the  OOH  ligand  is  tetradentate  and  must  occupy  four  planar  positions), 
but  were  unable  by  any  of  the  meann  above  to  obtain  any  bis  halodiorganotin 
complexes.  This  led  to  a  reevaluation  of  other  transition  metal  centers. 

By  using  second  or  third  row  transition  metals  it  was  felt  that  the 
electrophilic  cleavage  reactions  would  give  desired  halodiorganotin 
species  owing  to  greater  tin-metal  bond  strengths.  No  second  or  third 
row  metal  centers  with  a  planar  tetradentate  ligand  of  appropriate 


charge  was  known.  Attempts  at  preparing  the  rhodium  (DOH)2pjj  system 
proved  unsuccessful.  Compounds  of  the  type  (R jSn)2M(CO)^  (M  =  Fe,  Ru) 
had  been  reported  in  the  literature  ^ ,  With  iron  as  the  central 

metal,  all  compounds  were  cis,  regardless  of  R.  For  ruthenium  a 
mixture  of  cis  and  trans  compounds  were  formed,  ranging  from  pure 
cis  with  R  =  Me,  to  pure  trans  with  R  =  Ph.  The  Et,  Pr,  and  nBu 
derivatives  were  mixed  cis  and  trans.  It  was  hoped  that  the  analogous 
osmium  compounds  might  strongly  favor  the  trans  form.  This  has 
proved  to  be  the  case,  and  this  report  is  concerned  with  that  system. 


The  best  way  to  prepare  ruthenium  compounds  of  the  type 
(RjSnl^RuiCO)^  is  the  thernal  reaction  of  the  appropriate  tin  hydride 
and  the  ruthenium  carbonyl  cluster 

RjSnH  +  Ru2(CO)j2  - 2 - ^  (R ^Snl^RuiCO)^.  Analogous 

reactions  with  Os  gave  the  desired  organotin  osmium  compounds,  but 
also  gave  a  large  amount  of  R^Sn-SnR^  as  a  byproduct  from  decomposition 
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of  the  tin  hydride.  The  ditin  side  products  proved  impossible  to 

separate  from  the  desired  compound,  due  to  similar  boiling  or 

melting  points,  solubility,  and  retention  times  on  thin  layer  chromatography. 

A  more  satisfactory  method  of  synthesis  proved  to  be  the  reaction  of 

Na20s(C0)^  with  the  appropriate  triorganotin  chloride.  With  Ph^SnCl 

the  yield  is  greater  than  90%  and  the  product  is  entirely  trans.  The 

analogous  reaction  with  Ru(CO)^  is  reported  to  go  in  only  6%  yield. 

Infrared  and  Raman  spectroscopy  were  used  to  determine  stereo¬ 
chemistry  in  this  system.  Trans  products  have  °4h  symmetry  and 
thus  give  only  one  carbonyl  peak  in  the  infrared  and  two  (neither  identical 
to  thft  in  the  i.  r. )  in  the  Raman.  Cis derivatives  are  of  €2^  symmetry 
and  have  four  CO  peaks  active  in  both  infrared  and  Raman.  In  addition 
all  triorganotin  derivatives  move  on  tic  (Si  gel',  which  was  used  both 
analytically  and  preparatively. 

Attempts  to  prepare  chlorodiorganotin  derivatives  directly  by  the 
use  of  the  osmium  tetracarbonyl  dianion  gave  a  mixture  of  products, 
difficult  to  separate.  Cleavage  reactions  proved  to  be  the  best  way  of 
functionalizing  the  tin.  Stoichiometric  treatment  of  the_t;-(Ph2Sn)20s(C0)^ ,  ^ 
with  dry  HCl  gave  a  complex  mixture  of  products,  but  excess  HCl  gave 
only  ^Cl2PhSn)20s(C0)^.  Chlorine  cleaved  the  Os-Sn  bonds  to  give 
^Cl20s(C0)^.  It  is  interesting  to  note  that  the  cis  isomer  of  Cl20s(C0)^ 
is  the  more  stable  and  the  isomer  given  by  other  routes.  Attempts  at 
the  disproportionation  reaction  tj(Ph2Sn)20s(C0)^  +  ^(Cl2PhSn)20s(C0)^ - ; 

2  ^(ClPh2Sn)20s(C0)^  were  unsuccessful.  A  diorganochlorotin 
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derivative  was  obtained  by  the  selective  cleavage  of  the  phenyl  groups 
from  t-(Cl  nBu,Sn),Os(CO).(  2.  Treating  2  with  a  stoichiometric 
amount  of  diisobutylaluminum  hydride  in  hexane  gives  the  desired 
monomer  unit  ^-(HnBu2Sn)20s(C0)^»  containing  trans  tin  hydrides  on  a 
transition  metal  center. 

The  stability  of  this  tin  hydride  is  somewhat  surprising  in  view  of 

the  fact  that  no  tin  hydrides  coordinated  to  transition  metals  are 

reported  in  the  literature,  and  considering  the  extreme  reactivity  of 

7 

supposed  di  and  tri  tin  hydrides  prepared  by  N.  Nelson  from 

(ircp(CO)2Fe)2SnCl2  and  Yrcp(CO)2Fe-SnClj.  Dihydrides  and  especially 

trihydrides  are  much  more  reactive  than  monohydrides  in  organotin 

chemistry,  but  the  difference  is  not  as  pronounced  as  for  the  cases  in 

point.  A  model  tin  hydride,  (CO)gMn-SnPh2H,  has  been  prepared  to 

study  the  coupling  reaction.  The  coupled  product,  (CO)gMn-SnPh2-SnPh2 

8 

Mn(CO)g,  has  been  reported  in  the  literature  having  been 
prepared  by  an  independent  route.  When  the  best  conditions  for  the 
model  system  is  established,  they  will  be  applied  to  the  osmium 
monomer  unit. 

The  stability  of  the  monomer  hydride  opens  up  some  alternatives 

in  the  polymerization  reaction.  Amides  may  be  prepared  from  the 

9 

hydride.  The  amide  nitrogen  is  subject  to  electrophilic  attack 
by  another  tin  hydride,  R^Sn-NR2  +  HSnR^  ^  R^Sn-SnR^  +  HNR2 
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Metal  carbonyl  hydrldei  are  generally  more  electrophilic  than 
tin  hydrides,  suggesting 

t-(H  nBu2Sn)20s(C0)^  -  ^  N  -  Sn)^  Os(CO)^ 

CHO 


H20s(C0L 

— = - - — >  f  nBUjSn-OsCCO)^ +  Ph  -  N(H)  -  CHO 


a  route  to  a  polymer  of  osmium  and  tin  containing  no  Sn-Sn  bonds* 
considered  to  be  the  weak  link  in  the  presently  planned  polymer. 

The  electrophilic  reaction  is  unique  among  metal  metal 
bond  forming  reactions  in  that  generally  the  reactions  are 
nucleophilic  in  nature. 

Through  attempts  to  prepare  model  compounds  for  X-ray  analysis* 
a  new*  mild  form  of  the  nucleophilic  displacement  reaction  by  transition 
metal  anions  was  discovered.  The  modification  consists  of  using  the 
corresponding  transition  metal  hydride  and  generating  the  anion  in  the 
reaction  mixture  by  addition  of  an  inert  base,  such  as  an  amine.  This 
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allows  one  to  circumvent  some  of  the  problems  associated  with  using 
metal  carbonyl  anions  as  reagents:  (1)  anions  generally  are  not  pure, 
and  could  be  termed  "reagents",  (2)  the  hydride  may  be  stored  and  used 
as  required,  whereas  isolating  and  storing  transition  metal  anions  is 
quite  difficult,  especially  on  a  small  scale,  (3)  a  wider  choice  of  solvents 
is  available,  notably  hydrocarbons  and  benzene.  Anion  reactions  are 
generally  limited  to  the  solvent  (usually  THF)  in  which  the  anion  is 
prepared.  The  possibility  of  doing  clean  nucleophilic  displacement 
reactions  suggested  a  reexamination  of  its  worth  as  a  polymerization 
reaction.  One  can  write  a  metathetical  reaction  of  an  osmium  dianion  and 
a  tin  dichloride  to  give  a  polymer. 


Os(CO)^'  +  RjSnClj  - >  ^B{CO)^  -  SnRji;^  +  Cl". 

The  reaction  (R  =  nBu),  however,  proceeds  to  give  a  25%  yield  of  the 
four  membered  cycle,  3j  where  the  tins  have  taken  up  cis  positions 
on  the  osmium.  Using  the  preformed  trans  complex,  ^  and  the 
osmium  dianion  generated  from  H20s(C0)^  in  an  attempt  to  preempt 
cycle  formation,  still  give  a  10%  yield  of  ^  A  possible  mechanism 
for  formation  of  the  cycle  is 


CIR2  -  Sn  -  Os(CO)^  -  SnR2Cl  - 

C© 

Os(COK 


(coKOs^  ^;os(co). 

*  ''SnR/' 
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where  the  osmium  anion  attacks  the  tin  in  the  expected  manner,  but  a 
dinuclear  Sn-Os  anion  is  displaced  rather  than  chloride.  To  test  this 
hypothesis^^  was  treated  with  the  rhenium  pentacarbonyl  anion 
generated  from  the  corresponding  hydride.  This  could  lead  to  the  cycle 
via  (ClR2Sn)-Os(CO)^  -  SnR2Cl 

e(CO), 


ClR2SnRe(CO)5 


ClR2Sn-Os(CO)4 


1 


(CO^Os^  ^^s(CO)^ 


SaR  « 


The  reaction  gave  instead  the  normal  product,  ;^((CO)gRe  -  FnBu2)20s(CO)^. 


This  may  imply  that  the  reaction  is  a  chain  termination  reaction  and 
occurs  after  some  degree  of  polymerization  since  polynuclear  metal 
anions  are  less  nucleophilic  than  mononuclear  anions  (due  to  electron 
delocalization  over  the  entire  system)  and  generally 


ClR,Sn40s(C0).  -  SnR,+ 
1 


)B(CO), 


o  o 

->  ClR2Sn  -  OsCCO)^  +  fOs(CO)^SnR2-}j^ 

\ 

SnR, 

(C0)40s;^  J;Os(CO)4 
SnR2^ 


the  weakest  nucleophile  is  excluded  in  a  nucleophilic  displacement 
reaction.  If  this  is  the  correct  explanation,  we  may  be  able  to  circumvent 
the  problem  by  changing  the  chloride  to  a  better  leaving  group  and/or  a 
weaker  nucleophile. 
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The  main  emphasis  will  continue  to  be  investigation  of  the  hydro- 
stannolysis  coupling  reaction. 
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EXPERIMENTAL 

4 

dodecarbonyltrioamium 

A  solution  of  OaCl^  (3.  Og,  61.9%  Os)  in  50  ml  anhydrous  ethanol 
and  mossy  zinc  (1.3g)  were  heated  to  135°C  under  1200  p.  s.i.  CO  for 
8-1/2  hours  in  a  300  ml  autoclave.  The  yellow  Os^(CO)^2  filtered 
and  purified  by  soxhlet  extraction  with  CH^Cl^.  Yield  =  2.  02g  (69%). 

5 

diaodium  tetracarbonyloamium  (-II) 

The  reaction  was  run  in  a  3-neck  round  bottom  flask  equipped  with 
a  dry  ice  condenser,  rubber  septum,  and  tipping  tube  containing 
Oa2(CO)^2*  flask  was  flushed  with  Ar  and  a  weighed  amount  of  Na 

(130  mg,  5.65  mmol)  added.  About  30  ml  liquid  ammonia  was  freshly 
distilled  from  sodium  into  the  reaction  flask.  Osmium  carbonyl 
(715  mg,  2.37  mmol)  was  then  slowly  added  to  the  sodium  solution, 
until  the  characteristic  blue  color  vanished.  The  ammonia  was  then 
allowed  to  evaporate,  leaving  a  cream  colored  solid. 
trans-bis-triphenyltintetracarbonylosmium,  1^ 

To  the  above  Na20s(CO)^  (2.37  mmol)  25  ml  THE  (freshly 
distilled  from  CaH^)  was  added  to  make  a  suspension.  Triphenyltin 
chloride  (1.  92  g  ,  5.  0  mmol )  in  10  ml  THF  was  added  and  stirred 
10  minutes.  The  resulting  solution  was  evaporated.  The  solid  was 
extracted  with  benzene  and  passed  through  a  short  silica  gel  column. 

The  benzene  solution  was  evaporated  and  the  resulting  white  solid 
recrystallized  three  times  from  CH^Cl^  -  hexane.  Yield  =  2.  06g  (91%)' 


! 
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dihydridotetracarbonyloamium” 

Solid  dianion  (5.92  mmol)  from  1.787g  08^(C0)^2', )  pumped 
on  with  an  oil  pump  for  one  hour  to  remove  the  last  traces  of  ammonia. 

The  dianion  was  cooled  to  -78 ’C  and  35  ml  deoxygenated  syrupy 
phosphoric  acid  added.  The  flask  was  placed  on  a  high  vacuum  line 
and  allowed  to  warm  to  room  temperature.  The  clear,  colorless  hydride 
was  collected  in  a  liquid  nitrogen  trap,  transferred  onto  25  g  ^2^5* 
transferred  into  a  storage  container.  Yield  =  1.60g  (89%).  j 

trans  bis(dichlorophenyltln)tetracarbonyloBmium  | 

I 

Dry,  gaseous  HCl  was  bubbled  for  ten  minutes  through  a  solution  of 

227  mg  (.  255  mmol)  20  ml  CCl^  at  -15®C.  A  white  slurry  formed. 

The  product  was  filtered  and  recrystallized  from  CH2CI2 -hexane. 

Yield  =110  mg  (58%). 

trans  dichlorotetracarbonylosmium 

Chlorine  gas  was  bubbled  through  a  solution  of  121  mg  (.  120  mmol) 

1  in  20  ml  CCl.  at  room  temperature  for  25  minutes.  A  white  slurry  | 

Al^  4  I 

formed,  which  was  filtered  and  recrystallized  from  CH2CI2.  Yi»!ld  = 

70  mg  (64  %).  j 

j 

trans  bistihenyldibutyltin)tetracarbonylo8mium 

1 

To  a  stirred  slurry  of  2.47  mmol  of  the  dianion  (made  from  740  mg 
Os^(CO)^2)  THF,  was  added  a  solution  of  2.  2g  PhBu2SnBr 

(5.6  mmol)  in  15  ml  THF.  The  reaction  mixture  was  filtered  and 
concentrated.  Ptlc  on  silica  gel  plates  (2,  20  x  20  cm  plates  were  used), 
developing  with  hexane  was  used  to  separate  the  product  from  Ph2Bu2Sn, 
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a  contaminant  in  the  PhBu2SnBr.  Ptlc  gave  product  as  a  clear  oil. 

Yield  =1.50g  (66%). 

trans  biB(chlorodibutvltin)tetracarbonv1oBmiumi  2 . 

Dry,  gaseous  HCl  was  bubbled  through  a  solution  of  ^FhBu2Sn)20s(CO)^ 

(1.  50g)  in  25  ml  CCl^  at  15*C  for  15  nr  inutes.  Solvent  was  evaporated  and 
the  product  was  recrystallized  twice  from  ivfsOH*  Yield  =  .83g  (  66%). 
trans  biB(pentacarbonylrheniumdibutyltin)tetracarbonvloBmium 

The  reaction  was  performed  using  vacuum  line  techniques.  Benzene 
(5  ml)  was  transferred  onto  90.  5  mg  solid  2  (0.  107  mmol),  followed 

by  70.47  mg  HRe(CO)g  (0.215  mmoles),  and  1  ml^l^H.  The  reaction 
was  stirred  15  min.,  concentrated  and  filtered  through  a  short  silica 
gel  column  with  benzene.  Removal  of  the  benzene  gave  the  product  as 
a  clear,  slightly  yellow,  viscous,  nonvolatile  oil,  which  gave  one  spot 
on  tic  (r^  =  .  5  in  hexane).  Yield  =  94  mg  (55%). 
bis  p^dibutyltintetracarbonylosmium,  ^ 

The  reaction  was  performed  using  vacuum  line  techniques.  Benzene 
(3  ml)  was  transferred  onto  277  mg  Bu2SnCl2  (0.  92  mmol),  followed 
by  277  mg  H20s(CO)^  (0.92  mmol)>  and  1  ml  Ey^H.  The  mixture  was 
stirred  2  hours, tic  showed  2  spots  very  close  together  at  r^  =  .  6  in 
hexane.  Addition  of  CCl^  destroyed  one  of  the  spots  (presumably  a 
hydride).  Concentrating  and  filtering  the  resulting  solution  through  a 
silica  gel  column  with  hexane  and  crystallizing  gave  the  white  crystalline 


product.  Recrystallized  from  Et^O  -  EtOH.  Yield  =115  mg  (23%). 
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cis-hydridotriphenyltintetracarbonyloimium 

To  a  THF  solution  containing  1.  58  nunol  of  Na^OsiCO)^  (from 
478  mg  Os^(CO)^2)*  90  ml  (1.6  mmol)  HOAc  was  added,  followed 
by  610  mg  Ph^SnCl  (1.  58  mmoU  a  large  amount  of  {Hi2Sn)20s(C0)^ 
was  formed  in  the  reaction  and  ptlc  (silica  gel  developed  with  hexane  - 
CH2CI2;  85:15)  was  used  to  separate  the  two.  Recrystallized  from 
MeOH.  Yield  =110  mg  (10%). 
diphenvlhvdridotinpentacarbonylmanganese 

A  solution  of  (ClPh2Sn)  Mn(CO)g^^  (221  mg  =  0.436  mmol) 
in  5  ml  deoxygenated  hexane  was  treated  with  diisobutylaluminum 
hydride  (436  pi  of  1. 04  M  heptane  solution).  After  half  an  hour  the 
crude  reaction  mixture  was  filtered  through  an  oxygen  free  silica  gel 
column  with  benzene.  Evaporation  and  bulb-to-bulb  distillation 
(up  to  190°)  gave  the  product  as  a  colorless  liquid.  Some  decomposition 
at  this  temperature  was  observed.  Using  a  molecular  still  the  product 
could  be  distilled  at  100-120°  without  decomposition.  Yield  =111  mg  (  55%). 
trans  bisdibutylhydridotintetracarbonylosmium 

The  reaction  was  run  as  above.  The  hydride  could  not  be  distilled 
without  decomposition,  and  was  purified  by  chromatography  on  an 
oxygen  free  silica  gel  column  with  pentane. 


PHYSICAL  PROPERTIES 


i 


s 

I 

I 

a 


c 

w 


I 

n 

O 

? 


(M 


I 

n 

£ 

>o 

O' 


U 

I 

c 

(A 


T) 

j£ 

>o 

CO 

fo 


U 

I 

(0 

o 

> 


t- 

N 

cc> 


o 

CO 


CO 


o 

O' 

s 

I 

I 


a: 

I 

0 

w 


(4 

c 

in 

O' 


pH 

1^ 

pH 

m 

pH 

o 

ra 

CO 

p 

p 

to 

m  CO 

m 

CO  CO 

o 

^  o 

^J 

CO  CO 

fO 

00 

pH 

pH 

f4 

p 

p 

f^ 

o 

M 

pH 

pH 

fsS 

p 

fNj 

fNj 

O' 

fNj  ^ 

O' 

o  ^ 

O'  _ 

fM 

*co 

l-l 

«aH 

00 

.o 

•CO 


*  "S 


00  X  ^  I-I  lit 

r-  o  ^  fo  in 

O'  o  o  o  o 

^  CO  CO  CO  CO 


B 

V 

n  ■« 

S-A 

O  0 

u  a 


in 

O' 

o 


CO 


a  «  CO 

r" 


^7o 

Jm 

^  CO 

f4 

w  S 

S' 

o 

m 

o 

Cs) 

o  o  . 

E 

u 

CO 

a  CO 

in  o  Q 

O  O 

CO  CO  * 

~g 

pH 

o 

fO 

CO  IJ 

o  c. 

CO 

p 

CO 

o 

2„-1e 

O 

r- 

o 

X 

X 

o 

o  ^ 

u-o  o  o 

Cs) 

u 

i 

U 

CO  -g  « 

CO  t) 

a 

P  Mi 

p 

09 

oo'^ 

m  o 

ifi 

in  00 

in  o  u 

ipT  ^ 

M 

o  o  ^  >  a 

Q 

CO  CO 

>o  o 

r* 

O' 

N  o  S 

S 

lO  0',«  -r  X 
O' O'  ft  6  tt> 

O' 

Q 

O 

^  o 

O  -M 

o 

O'  o 

o  S 

O'  ^ 

N 

CO  CO 

CO  CO 

f4 

N 

N  N  O 

M  •S'.C 

(NJ 

eo 

in 

o 

O 

fO 

CO 

>o 

O' 

CO 

o 

1 

in 

1 

1 

1 

o 

00 

• 

<M 

CO 

m 

A 

M 

CO 

O' 

•  pp 

pH 

tp4 

0 

m 

a 

a 

m 

a 

a 

09 

0 

n 

a 

V 


Q  .- 

O  O 
U  a 


a 

V 

•H 

S  A 

o  o 

u  a 


S’® 
^A 
o  o 

u  a 


a 

V 

pH 

u 

I- 

O  -M 

u  o 


s  •« 

.Sd 

o  o 

U  a 


S’® 

o  o 

U  a 


V 

>' 


a  O 
in  2 
O'  5 

2:6 

p 

15 

o  in 
CO  oo 
O  O' 


a 

V 

0 

u 


s 

0 

u 

a* 

0 

a 

0 

0 

0 

U 

0 

u 

0 

u 

u 

a 

fvj 

fvj 

^_co 

CO 

X 

u 

a 

'« 

0 

a 

0 

^_nj 

a 

0 

3- 

d 

(Q 

0 

9 

(Q 

c 

CO 

43 

Qi 

0 

CO 

s 

(0 

CO 

X 

s 

(0 

CO 

43 

s 

0 

u 

a 

0 

^_co 

S 

(0 

CO 

® 

(S 

CO 

9 

(Q 

CO 

1 

03 

3, 

CA 

1 

V 

03 

in 

c 

CA 

C 

S 

in 

Qi 

•H 

CO 

n 

n 

o 

Oi 

I, 

u| 

u 

■Wl 

pH 

u 

■M) 

X 

X 

-1 

U 

w 

u 

W 

u 

0 

U 

ELEMENTAL  ANALYSIS 


I 
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REPORT  ON  TIN-OSMIUM-TIN  DERIVATIVE 

The  compound  08(C0)^(SnPhj)2  wae  recrystallized  by  slow 
evaporation  from  hexane  to  yield  a  few  clear  prismatic  shaped 
crystals  suitable  for  x-ray  diffraction  analysis.  A  preliminary 
survey  of  the  crystal  with  photographic  techniques  demonstrated 
that  the  crystal  belongs  to  the  monoclinic  system  in  the  space 
group  C2/C  (No.  15  Internation  Tables).  The  following  cell 
constants  were  obtained  by  a  least  squares  analysis  of  19 
data  taken  on  a  diffractometer. 


a  =  47.  55  ot  =  90.00“ 

b  =  9.  31  P  =  148.87“ 

c  =  31.  97  ye  90.00“ 

The  measured  density  allowed  for  one  molecule  per  asymmetric 
unit  or  8  In  the  unit  cell.  A  set  of  diffraction  data  were  collected 
with  a  diffractometer  MoKx.  radiation,  that  was  corrected  for 
both  crystal  decay  and  absorption.  There  were  3444  data  collected 
of  which  2785  were  used  as  observed  (they  were  39  above  back¬ 
ground  as  calculated  from  counting  statistics).  The  structure 
was  solved  by  usual  methods  and  refined  with  full  matrix  least 
squares  to  an  R -factor  of  6.  3%.  Instead  of  the  molecule  lying 
in  a  general  position  in  the  space  group  (position  f)  two-half 
molecules  were  In  special  position  (positions  b  and  d)  both  of 
which  are  on  centers  of  symmetry.  It  turns  out  that  the  two  in¬ 
dependent  molecules  are  very  similar  In  structure.  The  structure 
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of  the  molecule,  as  shown  below,  has  the  following  features  of 
interest.  The  Sn-Os-Sn  atoms  lie  in  a  line  with  the  angle  180°. 

The  two  independent  Os-Sn  distances,  one  of  the  parameters 
most  interesting  in  the  structure,  are  2.712  \  and  2.71lX  with 
an  estimated  standard  deviation  of  0.  001 1.  All  the  other  distances 
in  the  molecule  are  as  one  would  expect  and  are  all  in  the  normal 
range--!,  e. ,  the  36  C-C  distances  in  the  benzene  ring  average  to 
1.  399 1  :  the  standard  deviation  of  each  individual  C-C  distance  is 
0.03^.  As  with  any  crystal  structure,  a  complete  set  of  atom 
coordinates  and  atom  vibrational  parameters  is  available. 

Since  the  Os-Sn  distance  is  of  most  interest  in  this  structure 


some  comment  and  comparison  will  be  made  concerning  it.  The 
Sn-Sn  distance  in  four  coordinate  solid  Sn  (diamond  structure)  as 
2.810^  -.this  leads  to  a  covalent  radius  of  1.405^  for  Sn;  the  Os-Os 


distance  in  08^(Go)|^2  ^  [Inorg.  Chem.  ^  521  (1962)]  leading 

to  an  Os  covalent  radius  of  1.44^^ :  This  leads  to  a  predicted  Os-Sn 
covalent  single  bond  distance  of  2.831.  The  observed  distance 
of  2.711  which  is  0.141  shorter,  indicates  some  possible  double 


bond  or  ir-bond  character  of  the  Os-Sn  bond  in  this  compound. 

Of  course,  this  type  of  analysis  depends  on  the  choice  of  "standard" 
covalent  distances.  If  we  choose  osmium  metal  instead  of  the 


osmium  complex  to  determine  the  osmium  covalent  radius,  we  obtain 
a  radius  of  1.341  and  a  predicted  Sn-Os  distance  of  1.751,  only 
slightly  larger  than  the  observed  distance.  Thus  some  care  must 
be  used  in  the  interpretation  of  bond  distances  in  compounds  with 
little  or  no  available  comparative  data  as  in  the  present  case. 
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IV.  E3J*ERIMEinAL  PROGRAM;  Physical  Measurements 

A.  Introduction 

Our  purpose  is  to  characterize  the  electronic  properties  of  a  variety  of 
linear-chain  crystals  with  metal-metal  bonds  through  a  series  of  optical  and 
electrical  measurements.  These  measurements  Include: 

1.  Dark  conductivity  as  determined  by  a  U-point  probe  method,  as 
a  function  of  crystal  orientation,  temperature  and  ambient  atmosphere. 

2.  Thermoelectric  power  as  a  function  of  temperature,  ambient 
atmosphere,  and  crystal  orientation  if  possible  to  obtain. 

3.  Optical  absorption  throughout  the  visible  and  near  infrared  range 
(3  “  0.02eVj  0.4  -  50  microns;  25,000  -  200  cm  as  a  function  of  tempera¬ 
ture  and  polarization  of  the  radiation. 

4.  Photoconductivity  as  a  function  of  photon  energy,  temperature, 
and  intensity. 

5.  Hall  effect  measurements  on  such  materials  as  these  may  prove 
possible. 

6.  Electrical  and  optical  measurements  as  a  function  of  pressure. 

B .  Optical  Measurements 

All  optical  measurements  to  date  have  been  made  using  unpolarized  light 
on  Ir(C0)2  form  of  pressed  pellets  in  KBr.  A  Perkin-Elmer 

Model  621  Orating  Infrared  Spectrophotometer  was  used  for  the  range  from  2.5 
to  50  microns,  and  a  Cary  Recording  Spectrophotometer  was  used  for  the  range 
from  0.4  to  3  microns,  laical  transmission  curves  are  shown  in  Figure  1  for 
two  samples  with  different  concentration  in  the  pellet.  Detail  in  the  low-energy 
range  is  shown  more  clearly  in  Figure  2.  An  absorption  threshold  at  about 
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»0Q0 _ 5000 _ 10,000 _ 15,000  20,000 


Fig.  1  Infrared  Spectrum  of  Ir(CO)  Cl  from  0  -  2.5  eV. 
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Fig.  2  Infrafed  Spectrum  of  Ir(CO)g  ^  from  0  -  ,5  eV. 
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0.05eV  is  indicated  by  these  data. 

C.  Conductivity 

Summary  of  Results  for  KaPt(CH)4ClQ  ^ 

Most  of  the  conductivity  measurements  to  date  have  been  made  on  the 
material  K2Pt(CN)4ClQ  y  l^Pical  data  are  summarized  in  Table  I.  The  data 
show  the  importance  of  ^-point  as  compared  to  2-point  conductivity  determina¬ 
tions,  and  also  the  variable  nature  of  the  conductivity  for  this  materials  as 
a  function  of  ambient  atmosphere.  The  first  measurements  listed  for  each  sample 
in  Table  I  are  made  within  an  hour  after  the  crystal  has  been  removed  from  a 
saturated  solution. 

Result  for  Ir(C0)3Br 

A  single  ^i-point  measurement  of  conductivity  on  Ir(C0)3Br  gave  a  value 
of  3.2  X  10  (ohm-cm)  ,  which  compares  to  a  value  of  6.9  x  10  (ohm-cm) 
calculated  from  a  2-point  measurement  on  the  same  crystal. 

Results  for  Ir  (£-toluidine)(CO)aCl 

A  2-probe  measurement  (Fig.  3)  of  the  conductivity  of  Ir(2,-toluidine)(C0)2Cl 
gave  a  value  of  2.1  x  10 "^( ohm-cm) using  aquadag  contracts.  It  also  yielded 
a  semiconductor  energy  gap  of  (  .27  -  .03)  electron  volts.  The  observed  con¬ 
ductivity  is  found  to  be  lower  by  the  substitution  of  ( £-toluidine)  foi  a  (CO)  . 

DeT)endence  on  Contact  Material 

We  encountered  considerable  difficulty  in  attempting  to  use  metallic  con¬ 
tacts  with  these  materials.  In  the  only  case  in  which  the  contacts  were 
electrically  ohmic,  the  contact  resistance  was  about  25  times  the  seunple 
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Fig.  5  Conductivity  of  Ir(£“toluidine)  (C0)2C1  as  function 
of  inverse  temperature. 
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resistance;  these  results  were  for  1(0204) 2  with  In-Ga  contacts,  giving  a 
4-point,  conductivity  of  0.4  (ohm-cm)“^  and  a  corresponding  2-point  conductivity 
of  0.02  (ohm-cm)  When  used  with  K2Pt(CN)4ClQ  ^  and  gold  leads,  both  In-Ga 
alloy  and  silver  paste  seemed  to  result  in  the  generation  of  voltages  as  high 

—3  m4 

as  0.4  V  and  to  lead  to  estimated  conductivities  of  10  -  10  (ohm-cm) 

After  switching  to  Aquadag  (colloidal  graphite)  contacts  on  these  same  ci*ystals, 
the  apparent  conductivities  under  the  same  conditions  of  room  temperature  and 
air  ambient  were  in  the  range  1  -  100( ohm-cm)  In-Ga  does  not  wet  the  samples, 
and  silver  paste  wets  only  slightly;  the  Aquadag  has  a  strong  tendency  to  wet 
the  K2Pt(CN)  4CI..  ,  and  will  dissolve  it  if  applied  in  too  dilute  a  form. 

Dependence  on  Ambient  Atmosphere 

The  dependence  of  the  conductivity  on  ambient  atmosphere  varies  greatly 
between  different  materials.  As  shown  in  Table  I,  the  conductivity  of  the 

K2Pt(CN)4ClQ  j  decreases  dramatically  upon  exposure  to  a  N2  flush  or  to  vacuum. 

,  4 

Data  on  Sample  4  in  Tfeible  I  indicate  an  air-conductivity  of  about  10  times  a 

vacuum-conductivity;  in  one  case  a  ratio  of  10®  was  observed.  All  except  for  a 
factor  of  about  20  seems  to  be  recoverable  by  allowing  ali’  to  come  in  contact 
with  the  sample  for  a  long  period  of  time.  All  of  these  measurements  have  been 
made  on  samples  with  Aquadag  contacts. 

The  variation  of  conductivity  with  time  for  the  two  vacuum  runs  listed 
for  Sample  4  in  Table  I  is  shown  in  Fig.  4. 

It  is  highly  attractive  to  associate  the  reversible  conductivity  of  this 
crystal,  which  is  so  ambient  dependent,  with  ionic  conductivity,  leaving  a 
value  of  0.003( ohm-cm)  ^  as  more  representative  of  electronic  conductivity. 


TABLE  I 


Conductivity  Measurements  on  CN)  4C1q  ^ 
(ohm-cm)  ^ 


Sample  No. 

Four-Point 

Measurement 

Two-Point 

Measurement 

Remarks 

1 

200 

0.5 

In  air 

2 

32 

0.16 

0.65 

Initial 

1  day  later 
After  Na  flush 

5 

21 

0.016 

Bad  end  contact 

9.3 

0.23 

Repaired  end 
contact 

4 

53 

2.4  0.0038 

4 

Initial 

In  vacuum  next 
day 

0.01 

0.019 

After  Na  flush 

0.0035 

0.025 

0.0070 

In  vacuum  again 
Next  day  after 
leaking  to 
atmospheric 
pressure 

0.246 

0.1B6 

After  5  days  in 
air 

0.27  0.0035 

0.197  0.0065 

In  vacuum 

TABLE  II 

Pellet  Conductivity  Measurements 


a(n-cm) 


1. 

4-Chloropyridine  Complex 

1.2  X  10  ^ 

2. 

TCNQ  Der.  4-Chloropyridine 

.3 

3. 

Ki.aPt(C204)a 

1.8  X  10‘® 

4. 

Ir(C0)3Cl 

1.8  X  10“® 
n 

5. 

Ir  ( p-toluidine)  ( CO) aCl 

~1  X  10"^ 

6. 

KNi  (biuridium)a 

4  X  10“^ 

CONDUCTIVITY,  (iicm) 


Fig.  ^  Conductivity  of  K2Pt(CN)3ClQ  as  a  function  of 
time  in  vacuum. 
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By  contrast  to  KaPt(CN)4ClQ  y  the  conductivity  of  Ir(C0)3Br  is 
completely  unaffected  by  changing  the  ambient  of  the  crystal  from  air  to 
vacuum. 

Evidence  for  Electrolysis  of  KgPtC CN)  4C1q  ^ 

If  one  passes  a  current  through  crystals  of  K2Pt(CN)4ClQ  under  an 
atmosphere  of  air,  the  positive  electrode  of  the  crystal  is  observed  to  turn 
to  a  grayish  color.  For  instance  a  crystal  of  width  .2iiim  and  length  l.^mm 
turns  gray  for  about  half  its  length  if  6  volts  is  applied  and  1.4  x  10"^C 
is  allowed  to  flow.  Subsequent  analysis  of  the  crystal  using  electron  micro¬ 
probe  techniques  shows  that  the  potassium  content  of  the  crystal  is  uniform  but 
that  the  chlorine  content  on  the  gray  side  is  zero.  If  one  runs  at  a  lower 
voltage  (.5  volts)  and  total  charge  .5  x  10  ^C,  no  change  is  observed.  This 
suggests  that  some  electrolytic  conduction  is  occurring. 

Pellet  Measurements 

Often  it  is  useful  to  provide  chemists  with  information  on  the  electrical 
properties  of  compounds  before  they  go  to  the  trouble  of  trying  to  make  single 
crystals.  To  this  end  a  number  of  2-probe  pellet  measurements  have  been  made. 
Though  the  absolute  numbers  obtained  are  not  very  useful  because  they  differ 

2  4 

from  single  crystal  measurements  by  a  factor  of  10  -10  ,  the  relative  values 
do  give  useful  feedback  information.  Table  II  lists  several  such  measurements. 

D.  Thermoelectric  Power 

Thermoelectric  power  measurements  have  been  made  at  and  near  room 
temperature  for  samples  of  K2Pt(CN)4ClQ  ^  in  air,  and  for  Ir(C0)3Br  in  vacuum. 


THERMOELECTRIC  VOLTAGE. /iV 


Fig.  6  TVicnKMlvctric  Voltage  of  lKCO)sBr  as  a  function 
of  teapermture  difference. 
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P.e  lei cntien'’c  oi’  ;.ei'3ii«Ue' rl*?  voitAii^e  on  th«  len^miure  dirfertnce 
eii'nblldr.evl  n-TOnt!  ^-ijsi  Ic  lor  K^PtfCH^ 4CIq  ^  at  2f»' and  la  shown 

In  FIk,  Dt'’  vol'^t-T  'ixea  Tor  '.nw  iwo  twBpem’uniB  hava  bean  dlaplacad  In 
oner  *0  •■oa(»ano*i(c  I'or  n  ei.vtKt  In  voli«^-orfeai  i^r  saro  lapraaaad  laa^iaraiura 
dirfarer.ea.  I*  In  evtdat/  .ita*.  ti,a  t’.anaoalactrle  power  la  tndapandani  of 
‘t'Biam'ure  over  'Jiln  aanll  'aapamtura  range,  and  la  equal  to  82. '>  ■IcruV/iaeraa. 
1>ta  nli^^n  or  the  theraoe  lee  trie  power  la  poaltlve,  Isplylng  conduoilvlty  by  a 
l>ool' Ivelyfuiriiied  opeeiea.  'T.e  ■agni’ude  oi*  the  uenaoeleeirlc  power  la 
tiui*ri<*lently  aoall  'Ja'  It  would  correspond  to  a  deiwnerate  real  conductor  or  a 
octal,  ii*  the  apecles  Involved  were  elecronic. 

Tlie  dependence  of  *he  uienaoelectrlc  voltage  on  the  teaperature  dtrrerence 
eainbllahed  aeroan  the  aai^^le  for  lKC0)9Br  at  300^  la  shown  In  Pig.  6.  l^e 
theraoelec ric  power  la  again  poaltlve.  and  for  this  mterlal  equal  to 
i»!iO  olcroV/deKree.  "T  la  value  la  aufflclently  Larfte  timt  aealconductor 
Interpre'A' Ion  any  be  'uo'lflable.  Because  of  the  Independence  of  the  conductivity 
of  ‘hla  aaterlal  on  tiie  nablent  ataosphere.  It  was  possible  to  aeasure  the 
theraoelec' rlc  power  It.  -acuua  froa  2  to  32^^.  Over  this  range,  the 
theraoelec. r|c  power  lo  eanentlally  teaperature  Independent,  corresponding  to  a 
teoperfure  Independent  carrier  density.  The  dark  conductivity  (8-polnt 
oeasureaent) ,  trie  carrier  density  derived  froa  a  seal  conductor  Interpretation  of 
the  the  nsoo  le  *  trie  power,  and  the  aoblllty  Ceduced  froa  these  tvo  quantities 
(acuualng  that  *hn  entire  croar-sectlon  of  the  crystal  Is  conducting  unlforaly) 
nre  plo‘'e4  tit  :t  function  of  teapera’ure  In  Pig.  The  dark  conductivity  has 
tin  npporent  acivo’lon  energy  of  0.2^7,  the  carrier  density  of  about  U  x  10  ca  , 
md  the  mobility  .ariee  from  '  x  lo"^  ro  x  lO"®  csP/v-sec  with  att  activation 
energy  of  0.2**eV.  Application  of  a  suitable  geometrical  factor  to  take  account 
of  the  faf  ’hat  the  condu-tlvry  Is  primarily  along  metal-metal  c-alns,  and 


CONDUCTIVITY,  mcmr* 


Pig.  7  1V>p:  Conductivity  of  Ir(00)3Br  as  a  function  of 
Inverse  tenperature 


no*  unifiraly  '  rou»?!.Oi*  'i.®  -fyduil,  wUl  glv*  an  iipprt<Mably  Urgtr  ■oblllty. 


K.  HUt.  iTeitrtirtf 

• 

Til  lnv«8MKH’«  ’fi«  prop«i*MM  of  HittrUlt  jnd«r  praisurt  ivo  d«vie«t 
iro  •Mirran’ly  In  '1.9  developatn^  i«'.a«9.  Tht  flrai  Is  m  BsrylUaa-coppsr 
t'nwb.  r  lo  Int9tid94  t*or  net  In  HUlnit  condu^iivlty  wmsurtatnis  or.  simple 
I’rynuile  lindcr  prosdurr  rraa  0-10  ktlobars  sM  iM^wrftiurvs  rro«  Tl^  •  yX)^. 

IV.9  toab  used  Art^in  or  Hellua  pi*  m  *  pressure  Mdiua:  Ute  nydrosietle  quell ty 
or  uteiie  f^esei  should  mlnlsilse  ttie  problea  of  breeklng  the  rreclle  crystals, 

PUt.  sruivs  the  construction.  TYie  pressure  lead  and  the  electrical 
asasarcasn*  systee  com  In  Proa  the  sides  and  are  sealed  by  a  Brld^isaan  seal 
ernuu^Mont.  l^ils  asans  Uiat  a  rubber,  a  lead,  a  brass  and  a  steel  washer  are 
itandvi  'hed  between  Uie  pistons  and  the  aale  threaded  bolt.  The  force  of  the 
on  ’he  pis’on  aakes  tiio  seal.  'Rie  I/16”  threaded  hole  In  the  asln  body  was 
in’endeU  *-0  hold  an  epoxled  sheathed  tiaraocouple.  This  Oslled  at  ii  kllobars 
and  will  be  replii''ed  wl’ui  a  Mchanical  seal  arrangeaent. 

Electrical  •'ondu''Mvl ty  MasuroMn’s  give  only  a  slight  gllepse  at  the 
(•hyslcal  properties  of  gnterlals.  Tlsis  leads  to  the  second  pressure  device  witich 
Ir  belni:  developed  -  a  cell  for  doing  Infrared  MasureMnts  as  a  function  of 
prenniire. 

Tills  ’ell  will  press  a  pellet  of  KBr  plus  a  saall  aaount  of  the  saople 
materials  between  two  pistons.  These  pistons  will  have  a  small  hole  In  ’.he 
cen’er  vMch  will  be  filled  with  a  fused  salt  crystal.  This  will  make  a  path 
for  -he  ligh’  ’U5  go  through,  A  nut  arrangenent  holds  the  pls’^on  In  place  ar.d 
under  ireusure.  Tlie  pressure  will  be  measured  by  strain  guages,  Tliis  entire 
cys’-en  lo  designed  to  fit  Into  a  cosnerclal  spectrometer.  TV.us  the  whole  oys’em 
Is  designed  ’o  make  convenient  measurements  of  the  infrared  spectra  as  a 


D^vrlag  for  Berjrllita-Coppmr  Om  Prossur*  «>»»> 


fanRiton  of  U>*  preuour*. 


Ttf  fbllovlnc  rtport  d«sorlb«t  work  during  tno  ptrlod  April  •  D>c«ib«r, 
1970  which  woe  •pooiorod  hf  tho  Boonovlllo  Pewtr  AdBinictrovion  Controci 
#1^^9*0(9811.  Zt  it  to  olOMly  roUtod  10  tht  work  dotoribod  in  the  Min 
body  of  thit  MBi^aouol  report  thot  it  it  inoludod  nort  for  rwrortnee  purpotoo. 


i. 


l.l  IntroctucttoB 


tbt  Vaslc  rc^Artwni  of  LlttU*s  wtel  fbr  ft  high  tMptmturft  •uptreonductor 

It  io  htvft  fi  condu^tlnf  eplM  turrouadad  by  ft  highly  poUrlMbU  tyataa. 

(cf.  u.  A.  Llttlft,  Phyt.  Rtv.,  4^1^  lbl6  (I9d^)).  Ihft  aplM  wftt  orlgloftlly 

propooftd  to  bft  ft  long  eonjugtud  polyon*  ohftla  with  poUrliftbU  oubunlu 

fft.c.  cynnlnodytt)  fttuchod  to  It  ftft  tidoohftlnft.  But  that#  ayataw  provad  to 

b#  vary  difficult  to  hftodla  (aynthaala,  atftblUty,  aolublllty,  daumlnatlon 

of  ihe  datftllad  atnieiura  of  tha  produeta,  ate.),  fren  thla  point  of  vlov  a 

bif  i*ap  forward  waa  aada,  at  laaat  for  tha  aynthatlo  ehaalat,  whan  tha  Idaa 

vat  brought  up  to  uta  tha  "llnaar”  Intaraetlon  of  tranaltlon  wula  In  aoaa 

a 

of  vtalr  tquara  planar  d  coaplamt  to  fom  tha  conducting  path.  Thla  Btana 
that  ont  can  avoid  tha  dlfflcuUlat  of  polywr  chaalttry  aa  polyaarlaatlon 
occurs  "autoaatlcaLly”  on  crytullltatlon  of  this  kind  of  aonoaarlc  coaplaaaa. 
Ba^>las  of  thasa  d  coapoundt  art  tha  ”Kropann*a  talta”  which  aihlblt  a 
typical  soBlconductor  behavior  along  tha  wtal  chain,  (cf.  K.  Kroipann,  Angav. 
Chaaia,  l.a.  ^  (I969))f  tha  Ntgnua*  Oraan  Salt,  and  tha  rad,  vary  inaolubla 

Ri-dlatthyLglyoxlat.  T^.air  chaalcal  and  physical  charactarl atlas  ( aolubllltlas, 
^olor,  ate.)  art  axplalnad  by  an  Intaraetlon  of  tha  transition  astala  batwaan 
adjacent  layars,  which  for  aany  casas  was  eonflihad  by  X*ray  data  ( "abnoimlly” 
snail  aetal-aetal  dlstancas)  and  also  by  vlalbla  and  u.v.  spectroscopy,  (fbr 
one  of  the  aost  recant  works  In  this  field  cf.  S.  Isgakura  at  al.  Inorg.  Chs*. 

%  2^' 1  (IQ  *0) ,  Spectroscopic  Study  of  tha  Interaction  batwaan  tha  Central  Atons 
in  Nl'dinethylglyoxlae  and  related  conpounds.) 


Thus,  tht  MV  tMk  !•  to  find  ItgMd  •ytt«M  to  vhloh  om  om  cnMloolly 
bind  U»  poUrtnbU  Mbuniu  tn  o  viy  u«t  thoM  •ubuniu  art  find  In  n 
ponttlOB  lort  or  lots  poipondleuUr  to  th«  Mtol-wbtl  onln  (cf.  Lt  .tlo'n 
■odol) .  AMtbor  pooslblUty  would  bo  to  oloetroototleolly  bind  poUrlMblt 
uBlto  to  tbo  tplM  nyotw  (o.g.  ropUetnc  tbo  Mtol  eotlono  In  iho  Xropann'o 
■olio  by  cymlMdyo  ootiOBo)  but  tho  ehoaooo  of  oehiovlnc  tho  opotlAl  rtgulro- 
MBtO  BTB  vtry  mbU. 


fbo  vle-dioBlM  oyotMi  wm  ehooon  os  eholBtlng 

rtBOOBOl 

B.  It  lo  B  vBiy  otroBg  eholBtlng  unit,  thuo 
dlBialohlag  tho  dingor  thot  tho  oontiml  otOB  would 
mthor  eoordlaoto  with  tho  uaoBtuimtod  oltoo  la  tho 
pOlBrlOOblO  UBlt. 

b.  ll^>lBeiag  I  •  caio  Ib  Maothylglyoslai  by 
othor  groupo  (o.g.  Phooylt  loBBlldlOKlaii  t-ffbryli 
fbrlldlexlaB}  t^yrldyli  Pyrldlldloxlao)  otlll  giwoo 
with  n,  Pd,  Ft. 

e.  fle«diOXlBM  BTO  OftOB  OBOlly  Beeoooiblo  vIB  lOBtOlBOOBdOBOBtlOBO 
(ooo  1.3). 

d.  For  R  ■  64lothyl"pyridyl^  om  hM  b  lyi^gjjg^  ob  which  it  wbo 
oivoetod  to  bo  oblo  to  do  elBMloBl  cioalBOdyo  ehoalotiy  ( ooo  ooetlon  ob 
prOblOBO  of  tM  oyBthMio)  aad  hovtag  b  tool  to  tuM  tho  polBrltoblo  port 
without  ropoBtlag  tho  wholo  oyBthotle  pothoBy  OBch  tlao  to  Invootlgoto  Ito 
offoet  OB  tM  eoadueUag  ehaia. 


UBlt  for  tho  following 

W' 

J 

WO«y  OtBblO  OO^lOMO 


A-4. 


e.  Ao  two  vlc-dloxlae  units  conplex  with  on*  cmtml  atoa  on*  can  Intro- 
du  ‘e  tour  dye  units  per  metal  vhich  might  eubBtantlally  reduce  the  chalnlength 
or  the  dye  needed  as  the  Interaction  between  dye  and  spine  seems  to  follov  a 
"linear”  beliavior  In  respect  to  the  number  of  dyes  surrounding  the  metal  chain. 
Simpler  cyanine  dyes  will  facilitate  handling  of  the  compounds  due  to  greater 
stability. 

As  R  In  the  '^slc  unit”,  64fsthyl*pyrldyl-2-  was  chosen  for  the  follovlng 
reasons: 

a.  Sterlc  considerations  (see  belov) 

b.  Ibough  qulnolyl  heterocycles  normally  lead  to  dyes  with  lower  energy 
absorptions  the  disadvantage  of  using  pyrldyl  systems  seems  to  be  outweighed 
by  the  fact  that  the  oscillating  positive  charge  in  the  dye  is  limited  to  a 
narrower  region  and  thus  making  the  interaction  between  charge  and  spine  more 
effective. 

The  Ideas  mentlcmed  up  to  here  led  to  the  proposal  of  the  following  com¬ 
pound  as  a  model  for  a  possible  high  temperature  superconductor: 


A-‘ 
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nils  aodel  Is  useful  of  course  only  is  a  netalmietal  interaction  is  possible 

despite  the  large  substituents  on  the  glyoxine.  Ihe  three  dimensional  stick 

models  shov  Indeed  that  with  the  Pyridyl  system,  but  not  with  Quinolyl-  this 

might  happen  as  veil  as  It  does  in  Dime  thy Iglyoxime  complexes,  assuming  that 

there  will  also  be  a  tvlstlng  of  each  ad/acent  layer  around  about  90*,  with 

• 

a  metal  metal  distance  of  ca.  3.2JI,  as  in  Nl*dlmethylglyoxime.  (cf. 
Nl-dlmethy Iglyoxime  X-ray  data:  L.  E.  Qadyckl,  R.  E.  Bundle,  Ada  Cryst,  ^ 
^7,  (19^3))  In  fact,  there  might  be  even  a  smaller  metalmetal  distance 
possible  as  the  thickness  of  an  aromatic  pi-system  is  less  than  the  diameter 
of  a  rotating  methyl  group,  (ca.  J.l^A  con?)ared  with  ca.  In  addition 

the  heterocyclic  rings  on  the  glyoxlme  will  be  tom  out  of  the  plane  of  the 
coordination  due  to  Interference  of  the  HJ  and  H}'  on  the  rings  diminishing 
the  effective  thickness  in  the  crystal  even  further.  But,  if  ever  by  some 


A  “6- 


reaaon  the  above  men'ioned  twisting  around  90"  should  not  occur  the  metal^aetal 
Interaction  will  be  very  weak  as  this  is  the  case  in  the  bls( glyoximato)  Pt  II 
complex  (even  without  any  substituent):  Pt-Pt  distance  5.504jl.  (ci*.  G.  Ferrtrls 

et  al.  Acta  Cryst.  B  iq6Q.  2066) 

1.3  Synthesis 

The  following  route  was  designed  for  the  synthesis  of  the  above  compound: 


f 
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a.  Benzolncondensatlon 

The  procedure  of  Harris  and  Lenart  (Ann.  (1-915))  for  the 

preparation  of  a-Pyridoln  has  been  used.  The  reaction  goes  on  very  smoothly 
also  In  my  case  using  6'4tethyl-pyrldin-2-carboxaldehyde,  forming  6, 6' -Dimethyl- 
0!-Pyrldoln  in  good  yield.  'Rie  product  fonsa  orange-yellow 
needles  on  recrystalllzatlon  from  hot  ethanol,  with  a 
melting  point  of  199*.  (reported  n®).  I98*).  Pyridolns 
reportedly  exhibit  the  en-diol  structure  (Hensel,  Angew. 

Chemle,  ^  (1953))  with  strong  hydrogen  bridges, 

which  might  be  the  reason  for  the  liiqpossibility  to  quartemize  them  with 
methy)Llodlde.  (cf.  "e") 

b.  Oxidation  of  6,6’-Dimethyl-ct-Pyridoin 

Tliere  are  a  variety  of  methods  described  in  the  literature  to  oxidize 
benzoins.  Some  of  the  more  recent  procedures  use  e.g.  p-toluenesulfonylchloride 
(Chem.  Ber.  21,  1^**  (1958),  S0C12  (J.  Org.  Chem.  2X,  224?  (1962)),  or 
Bismuth  oxide  BlaOa  (J.  Chem.  Soc.  795  (I951)).  None  of  these  reagents  were 
successful,  probably  due  to  the  en-dlol  structure  mentioned  above.  So  the 
classical  reaction  was  used  with  concentrated  nitric  acid  which  works  perfectly 
if  one  keeps  some  control  over  the  temperature.  Whereas  Harris  and  Lenart 
perform  the  oxidation  by  heating  the  reaction  mixture  to  100*  fer  three  hours 
(loc.  clt.  above),  here  the  best  results  were  obtained  by  adding  the  nitric 
acid  at  0®  and  then  warming'  the  mixture  to  60*  for  half  an  hour.  Higher 
temperature  and  prolonged  reaction  time  lead  to  an  Increased  formation  of  an 
unidentified  brown  side  product. 

The  product,  6,6'-dlmethyl-pyridil  (=  picolil)  forms  bright  citron  yellow 
needles  on  recrystalll’.atlon  from  hot  methanol,  mp.  173*  (reported  171-172*). 
Further  identification  by  mass  spec.:  M  =  24o. 


c.  Oxinatlon  of  the  Picolil 

There  are  essentially  two  procedures  described  in  the  literature  for 
the  oximation  of  benzil  systems: 

1.  a  NHgOH  solution  with  NaOEt/EtOH  and  the  benzil  are  refluxed  for  one 
hour.  (Mary  Pitman  et  al.,  J.  Chem.  Soc.,  759  (196I)) 

2.  a  saturated  water  solution  of  NHgOH'HCl  plus  the  benzil  in  MeOH  are 
refluxed  for  six  hours.  (Chemiker  Zt.  773*  Chem.  Ber.  ^  9‘i2)  None  of 
these  procedures  gave  satisfactory  yields  (3OI6  or  less).  Instead,  by  using 
sodiumacetate  as  buffer  increased  the  yield  to  75 or  more,  giving  a  white 
powdery  product,  which  on  recrystallization  from  hot  methanol  formed  colorless 
plates  or  cubes,  mp,  235“.  The  formation  of  a  dioxime  was  confirmed  by  mass 
spec.  (M^  =  270),  and  its  fragmentation  pattern. 

d.  Acetylation  of  the  Dioxime 

As  unexpected  difficulties  arose  to  quarternize  the  heterocycle,  the 
dioxime  was  acetylated  because  the  inhibition  of  the  reaction  might  have 
been  due  to  blocking  the  nitrogens  by  hydrogen  bridges  from  the  oxime  groups. 

A  very  old  and  simple  procedure  is  given  by  K.  Auwers  and  V.  Meyer  (Chem.  Ber., 
21.  799  (1*5^^^))  to  diacetylate  dloxlmes:  treatment  of  the  dioxime  with  two  to 
threefold  excess  of  acstlc  anhydride  at  room  temperature  for  24  hours,  or 
refluxing  it  for  a  short  time.  Surprisingly  what  was  obtained  from  these 
reactions  was  always  the  monoacetate  in  yields  of  about  90^6.  Even  under  the 
more  vigorous  conditions  using  pyridine  as  catalyst  only  the  mono-product  was 
formed.  On  the  other  hand  again,  the  hydrogen  bridges  were  not  present  in 
Auwers'  examples.  Heating  the  reaction  mixtures  containing  pyridine  lead  to  a 
dark  oily  product  not  further  identified.  But  it  is  well  known  that  vic-dioximes 
form  easily  furazanes  under  dehydrating  conditions  which  might  well  have 
happened  in  this  case. 


The  monoace'^ate  was  characterized  by  its  well  Interpretable  ness  spec. 

(M^  =  312) .  It  is  recrystallizable  from  hot  benzene,  forming  short  broad 
colorless  needles. 

e.  Quartemlzatlon 

No  quartemlzatlon  could  be  achieved  as  yet.  Ihe  literature  shows  one 
example  of  a  very  similar  problem,  the  quartemlzatlon  of  a-pyridildioxime 
(Mary  Pitman  et  al.  J.  Chem.  Soc.  759  (196I))  where  the  dioxime  was  treated  in 
nitrobenzene  under  reflux  for  IB  hours.  It  Is  true  that  in  our  case  the 
nitrogens  are  sterlcally  more  hindered,  but  this  is  even  more  the  case  in 
2,4,6-collldln  which  can  be  methylated  under  very  mild  conditions  (Chetn.  Ber. 
55.  1356) .  It  is  supposed  that  the  inhibition  is  rather  due  to  an  electronic 
effect  (plus  steric)  the  more  as  6Tnethylpyrldine“2“carboxaldehyde  cannot  be 
quartemlzed  either,  but  the  same  reaction  occurs  very  smoothly  on  its  acetal. 
But  the  detour  over  this  compound  is  not  successful  either  because  after 
quartemlzatlon  acid  saponification  is  coinpletely  inhibited  due  to  the 
positive  charge  on  the  nitrogen. (if  ever  the  quartemlzed  aldehyde  was  stable 
enough  to  be  Isolated) . 

Other  methods  tried  out  used  dlmethylsulfate,  2,4-dinitrobenzene-methyl- 
aolfonate,  Mel/Sllver  sulfate,  various  solvents  such  as  methanol,  nitrobenzene, 
N-dlmethylformamlde,  chloroform;  there  was  also  a  series  of  reactions  carried 
oat  under  pressure  in  sealed  tubes.  Quartern! zat ions  were  also  attempted  on 
the  pyridoln-  and  pyrldll  stage.  There  will  be  another  attempt  undertaken  soon 
starting  with  6-methyl -pyrldyl-2-methanol,  qu'irtemizing  it  then  followed  by 
oxidation  and  probably  direct  conversion  to  the  pyridoln  derivative. 
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1.4  Experiments 

a.  Benzoincondensation 

2.4  gr  of  6-methyl -pyridyl-2-carboxaldehyde  were  dissoT-ed  in  20  ml  of 
water  and  a  solution  of  175  mg  sodiumcyanlde  In  2  ml  of  water  slowly  added  with 
vigorous  stirring,  at  room  temperature.  The  6,6'-dimethyl-a-pyridoin  forms 
immediately  and  comes  out  of  solution  as  a  bright  orange  voluminous  precipitate. 

To  complete  the  reaction  the  mixture  is  stirred  for  one  hour  at  60“.  After 
cooling  down  to  room  temperature  the  precipitate  is  filtered  off,  washed 
several  times  with  water.  Rccrystallization  is  best  carried  out  by  dissolving 
the  material  in  as  little  hot  chloroform  as  possible  and  then  adding  hot 
ethanol  until  the  first  crystals  form.  Yield  after  one  recrystallization  ca.  *^0^. 

b.  Oxidation  of  6,6' -dimethyl-a-pyrldoin 

To  2.4  gr  of  the  picoloin  which  was  placed  in  an  ice  cooled  beaker  10  ml 
of  concentrated  nitric  acid  were  very  slowly  added  dropwise.  A  white  crystalline 
precipitate  is  formed  which  partly  dissolves  towards  the  end  of  the  addition  of 
HNOa.  Then  the  mixture  is  kept  at  60*  for  half  an  hour.  After  cooling  again 
to  ice  temperature  50  ml  of  precooled  water  is  added  and  the  solution  neutralized 
by  slow  addition  of  a  saturated  sodiumbi carbonate  solution.  This  precipitates 
the  product  in  a  voluminous  pale  yellow  form.  Filtering  and  washing  with 
water,  recrystallization  from  boiling  methanol  yields  bright  yellow  needles 
( ca.  80^)  . 

c.  Oximation  of  the  picolil 

1.95  gr  of  the  picolil  and  1.2  gr  hyroxylamine  hydrochloride  are  dissolved 
in  40  ml  of  water  and  1.6  gr  soldiumacetate  is  added.  The  mixture  is  refluxed 
for  24  hours.  If  the  yellow  color  has  not  disappeared  after  ca.  18  hours 
another  1  gr  of  NaAc  is  added.  Then  careful  evaporation  of  the  alcohol  under 
vacuum  followed  by  addition  of  10  ml  of  ice  cold  water  which  leaves  the  dioxime 
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as  fine  colorless  precipitate  which  Is  filtered  off,  washed  with  ice  cold  water. 
Recrystalllzatlon  from  hot  methanol  leaves  1.6  gr  (7*^5^  of  colorless  needles 
or  cubes. 

d.  Acetylation  of  tne  dloxlme 

100  mg  of  the  dloxlme  are  dissolved  In  3  b1  of  acetic  anhydride,  leaving 
it  at  room  temperature  for  2U,  hours  or  heating  It  on  a  boiling  waterbath  for 
1  hour,  yields  90^  pure  monoacetate.  The  advancement  of  the  reaction  can  be 
followed  by  TLC  (silica  gel,  MeOH/ether  1:1,  iodine  vapor).  No  starting  material 
is  left  after  the  Indicated  reaction  times.  Only  one  detectable  product  Is 
formed,  although  the  reaction  mixture  turns  slightly  red  brown.  Recrystalllza- 
ticn  from  benzene  yields  colorless  short  broad  needles  of  the  monoacetate. 

e.  Quarternization 

No  quarternization  could  be  achieved  so  far  on  any  of  the  above  stages. 
Methods  to  detect  the  quarternary  product  made  use  of  the  expected  increased 
solubility  in  polar  solvents,  NMR  and  mass  spectroscopy.  Treatment  of  the 
dloxlme  with  Mel  always  yielded  a  new  product  on  TLC  (up  to  1005^  which  could 
be  showed  to  be  probably  an  iodine  complex  formed  by  l2  liberated  during  the 
reaction. 

2.  Other  Systems 

2.1  The  Krogmann’s  Salts 

Already  In  IflSS  A.  Soederbaum  (Ber.  Dtech.  Chem.  Ges.  gl,  56?)  published 
a  report  on  a  variety  of  Intensively  colored  platlnum-oxalate  complexes,  but 
his  Investigations  could  not  reach  beyond  the  stage  of  a  more  or  less  accurate 
determination  of  their  chemical  composition.  It  was  years  before  Werner  derived 
the  concepts  of  coordination  chemistry. 
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Krognann  recently  picked  up  this  class  of  compounds  again  using  modern 

analytical  methods,  primarily  x-ray  spectroscopy,  (cf.  Angew,  Chemie,  1.  Ed. 

8j  55  (19^))*  Though  he  published  the  detailed  result  only  of  one  species 

(MgQ  02fP't(C2O4)2]‘5.3H2O) ,  we  may  assume  that  others  also  exhibit  the  stacked 

array  of  the  square  planar  coordinated  Pt  in  the  "oxidated"  state,  for  the 

published  Pt-Pt  distances  vary  only  slightly  (2.80  -  2.88A) .  Electrical  measure- 

"2  *1.  •I. 

ments  of  some  of  these  compounds  showed  conductivities  up  to  10  ohm  cm 
in  the  chain  direction.  No  superconductivity  could  be  ovserved.  According  to 
Little  this  might  be  due  to  the  following: 

These  systems  probably  lie  in  an  energy  minimum  of  the  Pt-Pt  bond  as  a 
function  of  the  Pt-Pt  distance.  So,  no  phonon/electron  interaction  is  possible. 
Eventually  such  an  Interaction  could  be  induced  by  forcing  the  system  out  of 
its  minimum  by  spreading  the  layers  somewhat  apart.  One  means  to  do  this  might 
be  the  Introduction  of  larger  cations,  e.g.  tetramethylammonium,  replacing  ttie 
metal  cations.  It  was  attempted  to  form  the  (CH3)4N'''‘ [Pt(Ox)  2].  The  result 
of  these  experiments  is  the  following: 

Something  similar  to  Krogmann's  Yellow  Salts  was  obtained,  as  the  yellow 
silver  salt  was  used  first  and  titrated  with  tetramethylsunmonium  iodide.  After 
filtration  of  the  silver  iodide  one  got  a  very  pale  yellow  solution  which  on 
evaporation  yielded  a  yellowish  film  on  the  glass  walls.  No  crystallization 
could  be  Induced.  Addition  of  some  oxidizing  agent  (CI2,  "Water)  produced  a 
dirty  greenish  brown  solution,  which,  on  heating  turned  to  orange  yellow  but 
on  cooling  never  gave  the  characteristic  blue  color.  On  cooling,  the  brown 
returned.  Evaporation,  quick  or  slow,  gave  a  Jelly  like  mass,  which  did  not 
undergo  crystallization.  Titration  of  the  free  acid  (from  the  yellow  silver 
salt  by  treatment  with  HCl)  which  normally  is  present  in  the  violet  form  (due 
to  rapid  air  oxidation)  with  tetramethylammonium  hydroxide  gave  directly  a 
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yelLow  brovm  solution  with  the  same  characterietics  as  described  above. 

The  Impossibility  of  growing  crystals  of  this  compound  Is  probably  due  to 
the  oversized  cation  (for  this  system),  whose  radius  of  about  6X,  according 
to  the  stick  model,  is  more  than  twice  the  distance  of  two  layers.  On  the 
other  hand  there  is  a  clear  tendency  towards  polymerization  of  the  Pt>oxalate 
anions.  The  "balance"  of  these  two  objecting  factors  seems  to  lead  to  the 
gel  like  mass,  rather  than  to  cirystalllzation  of  the  components  In  a  different 
arrangement. 

Proposal:  at  this  point  It  Is  proposed  to  Introduce  one  of  the  largest 
known  metal  cations  as  Cs(l.67A),  or  Rb(l.47). 

In  section  1.1,  the  possibility  of  binding  dye  cations  electrostatically 
to  the  Pt(0x)2  units  was  mentioned.  Two  simple  experiments  were  carried  out 

in  this  regard: 

1.  Titration  of  AgaPt(0x)2  with  l,l'-Dlethyl-2, 2' -cyanine  iodide,  with 

the  intention  to  precipitate  the  silver  iodide,  leaving  a  solution  of  DyeaPt(0x)2. 

But  on  titration  the  red  color  of  the  dye  was  destroyed,  presumably  by  complex- 
+ 

ation  with  Ag  .  No  silver  chloride  was  formed. 

2.  This  experiment  was  based  on  the  hope  that  the  l^e2Pt(0x)2  might  be 
less  soluble  than  K2Pt(0x)2,  thus  adding  a  saturated  solution  of  l,l'-Diethyl- 
2,2' -cyanine  Iodide  In  water  to  a  saturated  solution  of  K2Pt(0x)2.  On  cooling 
or  slow  evaporation  the  two  components  crystallized  separately. 

From  these  two  experiments  It  seems  to  be  necessary  to  first  convert  the 
Dye-I  Into  Dye-OH  by  a  strongly  basic  anion  exchange  re sir,  then  titrating  the 
Krogmann  free  acid  with  the  dye  base.  Hils  procedure  has  not  been  carried  out 
yet. 


2,2  K  aodlfltd  Oialaf  Llaand  ( cf .  Kro^uui's  Salts) 


Up  to  now  all  polarixabla  antitlas  surrounding  tha  spine  In  Little's  model 
considered  had  a  positive  charge  oscillating.  According  to  the  calculations 
this  is  not  a  necessary  condition,  l^ue  a  polarizable  mediua  with  a  negative 
charge  is  equally  oportune,  expanding  the  synthetic  possibilities  somewhat. 

Hie  system  being  atte^pted  at  this  time  may  be  considered  to  be  an 
expanded  oxalate  ligand.  It  is  derived  from  2,l;-dihydroxy-benzoquinone. 


The  paraqulnoid  fom  might  perhaps  rearrange  to  an  orthoquinoid  one  in  order  to 
function  as  a  chelating  agent,  similar  to  the  oxalate  dlanion.  The  negative 
charges  are  delocalized  over  to  the  oxygens  in  metaposition,  so,  essentially 
over  the  same  path  length  as  in  the  simplest  cyanine  dyes  (e.g.  1,1' -diethyl- 
2,2' -cyanine,  X|Huc  "  ^8Snm) .  But  of  course  the  free  oscillation  of  the  charges 
is  disturt>ed  in  the  complex  by  the  positive  central  atom.  Yet,  there  is  no 
direct  conjugation  between  the  metal  and  the  organic  part,  as  the  complexing 
orbitals  on  the  oxygens  lie  orthogonal  to  the  conjugated  system.  The  polariz¬ 
able  unit  will  be  extremely  near  to  the  spine  (if  ever  formed)  which  is  a  big 
advantage.  Though  this  ligand  is  probably  not  an  ideal  one  in  respect  to  super¬ 
conductivity,  it  mi^t  give  some  insight  into  the  spine-polarizable-onit  inter¬ 
action  by  comparisoo  with  the  "simple*  oxalates. 

The  experiments  done  so  far  yielded  dark  black-brown  powder.  Ifo  sin.'.e 
crystals  could  be  grown.  The  product  is  very  water  soluble,  giving  a  brown 
yellow  color.  The  reaction  was  followed  by  visible  spectroscopy,  but  it  Is  no* 
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possible  to  draw  definite  conclusions  from  that.  Anyway,  the  following  observa¬ 
tions  could  be  made;  the  dH(-salt  of  2,5“dlhydroxy-p-benzoqulnone  has  one 
broad  maximum  in  the  visible  region  at  l(90ni&.  The  K2PtCl4  shows  two  maxima, 
one  at  4"' '  nm  and  a  3“4  times  stronger  one  at  59I  nm.  A  2:1  mixture  at  room 
temperature  of  the  two  components  gives  a  superposition  spectrum.  Heating  the 
mixture  for  10  minutes  to  60*C  produces  a  new  spectrum  with  a  completely  new 
pattern.  There  are  no  clearly  separated  maxima  (only  inversion  points)  at  ca. 
S20  nm,  403  nm  and  3^  nm. 

Heating  the  mixture  over  night  gives  rise  to  a  steadily  increasing  absorp¬ 
tion  starting  beyond  9OO  nm  with  a  maximum  around  3OO  nm.  'Rie  only  detail 
recognizable  any  longer  is  a  shoulder  at  ca.  310  nm. 

It  Is  doubtful  whether  a  definite  product  was  formed  but  further  experi¬ 
ments  will  be  carried  out. 

2.3  TCNQ  complexes 

Some  TCNQ  salts  exhibit  very  high  conductivity,  especially  those  with  the 
composition  m'*'tCHQ*'1TCHQ)  ,  for  example  =  Qulnolinlum:  0.01  ohm-cm  on 
single  crystals.  Furthermore  they  show  an  electronic  excitation  in  the  near 
infrared  region  (around  3  microns),  no  paramagnetism  in  solid  state,  a  variable 
one  in  solution  (temperature  and  concentration  dependent)  (cf,  JACS 

(i960),  ibid.  fl4,  3374  (1962)). 

It  was  Intended  to  prepare  a  series  of  such  complexes  with  a  variety  of 
cyanine  dyes  with  the  purpose  to  study  the  effect  of  the  "dye  length"  on  the 
electrical  conductivity  and  other  behaviors.  It  turned  out  that  by  the  reaction 
Dye  l”  +  2TCNQ  -♦  ^ye  TCHQ*“(TCNQ)  +  l/2  I2  only  the  simplest  cyanine  dye 
(l,l'-diethyl-2, 2’ -cyanine  iodide)  forms  a  complex  salt  of  the  above  type, 
whereas  with  the  higher  homologues  the  dye  system  is  destroyed.  From 
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1,1' -diethyl  P,2'  cyanine  iodide  one  gets  a  nicely  crystalline  product  (dark 
shiny  plates  mp  251")  .  The  visible  spectrum  shows  the  typical  pattern  for  tl.e 
M^TCNQ*”(TCNQ)  composition,  with  the  dye  luaximum  not  affected.  The  infrared 
spectrum  exhibits  the  expected  electronic  absorption  in  a  very  broad  region 
(2,^-6  microns)  with  considerable  Intensity;  it  is  so  strong  that  the  strong 
CN  triple  bond  stretching  absorption  of  the  TCNQ  at  2200  cm  ^  is  barely  ob- 
seirvable.  Measurements  of  the  electrical  conductivity  are  under  way. 

With  the  next  higher  vlnylogue,  the  Cryptocyanine,  the  chromophore  is 
destroyed  the  same  as  with  l,l'-dlethyl-2,2'-dicarbocyanlne,  but  in  the  latter 
case  an  extremely  dark  black,  charcoal-like,  powdery  product  could  be  isolated. 
Its  dye  peak  at  710  nm  has  disappeared  and  a  new  double  peak  at  610/6  '  nm 
built  up.  The  spectrum  further  reveals  that  this  is  most  likely  a  simple 
TCNQ  salt  (M^TCNQ’“0  .  This  seems  to  be  confirmed  also  by  the  infrared 
spectinim. 

In  the  neantlB^;,  it  was  discovered  that  the  impossibility  to  form  the  more 
complicated  complexes  is  due  to  the  method  of  preparation  used.  The  iodine 
formed  in  the  course  of  the  reaction  of  the  dye  iodides  with  TCNQ  is  responsible 
for  their  destruction.  An  alternative  method  to  prepare  TCNQ  complexes  is 
described  in  the  literature  ( cf .  L.  R.  Melby  et  al.  JACS  2it>  55  '^  (1962),  B.  H. 
Klanderman  J.  Chem.  Phys.  ^  577  ( I969) ,  J.  H,  Lupinski,  Mol.  Crystals  ^  2^1 
(1967))  using  Li  TCNQ  and  the  dye  iodide.  (Lil  is  precipitated;  metathesis) 

This  method  will  be  used  for  further  Investigations. 

2.4  Cyanine  dye  iodide/iodine  complexes 

As  can  be  seen  from  section  2.5»  only  the  simplest  cyanine  dyes  (e.g. 

1, 1' -diethyl -2, 2'  cyanine  iodide)  are  unaffected  by  iodine.  T7iua  adding  I2 
in  chloroform  to  a  concentrated  solution  of  the  above  d'*  precipitates  shiny 
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goiden  plates,  which  can  be  recrystallized  from  chloroform/benzene  mixtures. 

The  electronic  spectrum  reveals  that  there  is  no  Interaction  of  the  components 
in  solution.  On  heating  it  to  190°  I2  is  evolved,  at  ca.  215°  the  complex  melts 
with  a  bright  green  color,  whereas  the  commercial  dye  Itself  does  not  melt 
up  to  2‘^0°,  but  steadily  decomposes  above  150°.  X-ray  and  electrical  measure¬ 
ments  are  pending. 

2 . t  2.6-diphenyl-y-Pinrone  and  related  compounds 

Cramer  (Chem.  Ber.  8]^  859  (I95I))  describes  the  formation  of  an  Iodine 
Inclusion  compound  with  2, 6,-diphenyl-7-pyrone,  with  the  iodine  Included 
between  the  two  phenyl  groups.  As  far  as  it  was  found  there  is  evidence  given 
for  a  polyiodine  structure,  but  not  for  the 
claimed  arrangement  of  the  environment.  It  is 
doubtful  whether  there  is  any  continuous  chain 
at  all  (private  communication  by  V.  Hadeck) . 

But  if  so,  and  if  the  carbonyl  group  was  replace 
able  by  a  highly  polarizable  medium  this  kind  of 

compound  could  be  useful  for  our  purposes,  according  to  Little.  There  is 
indeed  a  class  of  compounds  known  with  high  polarizability,  e.g.: 


N 

\ 


CH 

CH 


( cf .  M.  .H.  Palmer,  Heterocyclic  Corapouads,  Edward  Arnold  (Publishers)  Ltd. 
London  I967,  pg.  211) 
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To  learn  something  generally  about  the  complexing  behavior  of  pyryllum 
salts  against  iodine,  a  much  simpler  substance  was  used  first,  the  2,^,6- 
triphenyl -pyryllum,  which  is  very  smoothly  formed  by  the  reaction  of  two 
moles  acetophenone  with  one  mole  acetaldehyde  in  the  presence  of  acetic 
anhydride  and  with  the  calculated  amount  of  FeCla  (sublimed)  as  catalyst.  This 
gives  FeCLt  as  counter  ion  (cf.  Houben-Weil,  Sauers tof f -Verb indungen  I,  pg. 

555  (1965)).  The  product  is  a  nicely  crystalline  substance  of  an  orange  yellow 
color  and  a  characteristic  blue,  very  Intense  fluorescence  in  solution.  On 
addition  of  KI/I2  solution  to  a  hot  water  solution  of  the  complex  salt  a 
highly  insoluble  brown-red  precipitate  is  formed  immediately  which  on 
recrystallization  from  hot  ethanol  yields  a  mixture  of  red  and  blue-black 
needles.  On  standing  at  room  temperature  the  red  needles  change  to  the  same 
dark  color  as  the  others.  Renewed  recrystallization  of  the  dark  form  leads 
again  to  a  mixture  of  the  two  foms  at  first.  Thus,  this  phenomenon  is 
obviously  related  to  the  existence  of  two  isomorphic  appearances  of  the  sub¬ 
stance.  Further  investigations  (primarily  x-ray  analysis)  are  pending. 

A  compound  related  to  the  7-pyrone,  the  2,6-diphenyl-7-qulnopyrane, 
can  be  formed  by  a  reaction  analogous  to  the  one  used  for  the  formation  of  the 
previous  substance,  involving  p-Hydroxybenzaldehyde  ( instead  of  benzaldehyde 
itself)  .  At  first  one  gets  the  2,6-diphenyl-l»-p-hydroxyphenyi  pyryllum  salt 
(again  with  FeCl4  ).  Treatment  of  this  compound  with  a  weak  base,  e.g.  sodium- 
acetate,  leads  to  the  intense  red  chloroform  soluble  quinopyrane.  The  depro¬ 
tonation  can  be  nicely  followed  in  the  visible  spectra.  The  acid  shows  two 
maxima  at  59^  and  ^62  nm.  The  base  exhibits  a  kind  of  a  triplet  with 
maxima  at  482,  512  and  548  nm.  This  is  in  accord  with  the  data  reported  by 
W.  Dilthey  et  al.  (Chem.  Ber.  252  (1920),  and  B.  Froehlich  et  al.  ibid. 

101.  5990,  4004  (196B))  who  prepared  the  same  substance  by  another  route. 
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Treatment  of  the  acidic  form  with  Kl/lg  again  forms  a  brown  precipitate 
at  first  which  changes  its  color  to  orange  after  some  minutes  and  on  attempted 
recrystaliization  yields  an  amorphous  orange  yellow  powder. 

Treatment  of  the  base  form  In  the  s€une  way  leads  to  a  dark  brown  red  oil 
which  could  not  be  ci^rstallized  and  whose  visible  spectrum  Indicates  that  the 
quinopyrane  chromophore  has  been  destroyed. 


Condensing  2  moles  of  acetophenone  with  one  mole  of  p -dime thy lamlno- 
benzaldehyde,  or  p-dimethylamlno-cinnamicaldehyde  should  in  principle  lead  to 
the  two  polarizable  units 


again  as  FeCL4  salts.  Though  on  mixing  the  components  the  same  exothermic 
behavior  as  in  the  previous  cases  could  be  observed  and  intense  green  and  red 
green  solutions  respectively  were  formed,  the  work-up  of  the  reaction  mixture 
did  not  lead  to  a  definite  product  in  either  case.  After  evaporation  of  the 
acetic  anhydride  in  the  vacuum,  addition  of  benzene  and  extraction  with  water 
only  pale  yellow  solutions  were  formed.  This  might  have  been  due  to  a  nucleo¬ 
philic  attack  of  the  water  on  the  pyrylium  system  under  ring  opening,  as  it  is 
described  in  the  literature  for  some  cases.  But  it  is  surprising  with  what  ease 
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this  reaction  should  have  occurred,  compared  to  the  two  previous  examples, 
especially  as  the  p -dimethyl -amino  groups  should  give  a  stabilizing  eifect. 

It  cannot  be  denied  that  eventiially  the  complex  [FeCl4"]  is  responsible  for 
this  behavior  as  itself  might  complex  with  the  amino  group.  Furthermore,  It 
should  be  pointed  out  tiiat  most  examples  of  these  extended  systems  are  reported 
with  the  •tabillzlng  perchlorate  anoln  (some  few  use  Cl")  but  that  Involves 
quite  a  different  and  much  more  complicated  synthesis. 

2.6  A  Cvanine  Dve  PoLwlnylalcohol  Polyiodide  Complex? 

It  is  reported  that  the  Schardlnger  Dextrins  form  inclusion  compounds  with 
iodine  but  also  with  iodlne/lodlde  depending  on  the  procedure.  ( cf .  Dexter 
French,  the  Schardlnger  Dextrins,  Adv.  in  Carbohydrate  Chem.  12^  lft9  (l9!J)7)) 

For  example,  there  is  a  species  known  with  the  general  composition  (a-Dextrin 
Ia)aKI.  The  basic  unit  seems  to  be  a  pair  of  a-dextrin  molecules  enclosing 
an  Is"  ion.  The  Qfe-Is  units  pack  in  a  hexagonal  or  pseudohexagonal  arrange¬ 
ment  which  gives  an  x-ray  diffraction  pattern  with  essentially  the  same 
spacings  and  intensities  as  in  the  amylose  la  complex.  The  observed  dichroism 
indicates  that  the  I  atoms  are  aligned  along  the  needle  axis.  This  means 
that  it  is  possible  to  build  up  a  poly-iodine-iodide  chain,  without  a  big 
effect  on  its  behavior  compared  to  the  "classic”  polyiodine  arrangement. 

In  the  case  of  the  polyvinyl  alcohol  it  is  possible  to  form  the  blue 
complex  either  Just  by  treatment  of  the  alcohol  with  la,  or  by  its  treatment 
with  KI3.  To  my  knowledge  it  is  not  known  whether  this  leads  to  a  polyiodide 
complex,  or  to  a  polyiodine  one,  leaving  KI  in  solution.  But  considering  the 
above  mentioned  fact  makes  it  likely  that  the  former  complex  might  well  be 
formed.  One  also  has  to  consider  the  fact  that  in  these  blue  complexes  the 
iodine  atoms  are  in  a  metallic  like  excited  state,  thus  having  the  d  orbi’:als 


A -22- 


well  available  to  incorporate  "excess"  electrons  from  Iodides. 

Using  1, 1’ -diethyl-2,2’ -cyanine  iodide  instead  of  KI  might  thus  lead  to  a 
PVA -poly iodide  complex  surrounded  by  the  dye  cations  as  counterions. 

The  following  experiment  was  carried  out:  A  PVA/lg  solution  was  prepared 
and  its  concentration  adjusted  so  that  the  absorption  in  a  1  cm  cell  reads 
about  301^.  A  dye  solution  was  prepared  with  a  absorption  under  the  same 
conditions.  Adding  dropwlse  the  Is  complex  to  the  dye  solution  makes  the 
original  dye  maximum  at  322  nn  disappear  and  build  up  a  new  peak  at  nm. 

The  maximum  intensity  of  the  new  maximum  that  can  be  achieved  is  the  same  as 
in  the  original  dye  solution.  The  side  peak  of  the  dye  seems  to  be  shifted 
in  the  same  way.  Unfortunately,  the  movement  of  the  "blue"  peak  of  the 
PVA/Is  complex  cannot  be  observed  in  detail,  but  one  may  say  that  it  is  under¬ 
going  a  blue  shift  (which  would  be  expected  in  Little's  model) . 

An  experiment  was  carried  out  semiquantitatively.  The  extinction  co¬ 
efficient  of  a  PVA/la  complex  is  about  10*,  that  of  the  dye  ca.  3  ^  10^,  so 
that  the  concentrations  of  the  prepared  solution  were  about  1:1  ( moles: moles) . 
The  maximum  height  of  the  shifted  dye  peak  was  reached  after  an  addition  of 
ca.  lOOjfc  (vol)  of  the  dye  solution,  then  the  unchanged  peak  started  to  increase. 
Thus,  neglecting  the  dilution  effects,  ca.  1  mole  dye  was  coraplexed  to  the 
1  mole/la  in  the  PVA  channel.  The  dye  complex  solution  shows  an  interesting 
optical  appearance.  If  light  is  falling  through  the  solution  it  has  a  blue 
appearance.  If  light  is  falling  onto  it,  it  looks  red  orange  (kind  of  metallic 
reflection?'!  . 

Thus  far  this  polymer  has  not  crystallized  and  no  x-ray  or  other  analysis 


has  been  carried  out. 


2,7  A  Silver  (O)  Polyvlnylalcohol  Inclusion  compound? 


Tl-ie  work  with  the  PVA/Is  raised  the  Idea  whether  It  might  be  possible  to 
include  a  true  metal  Instead  of  the  metal  like  iodine  into  polyvinylalcohol. 

For  the  selection  of  the  metal  there  will  be  essentially  two  factors  to  be 
considered: 

a.  the  size  of  the  metal  atom  in  its  (O)  state  must  be  in  the  same 

range  as  iodine  to  fit  into  the  PVA  channels. 

b.  the  metal  must  initially  be  present  as  a  watersoluble  salt  to  form 
a  homogenous  mixture  with  a  water  solution  of  PVA.  Thus,  reduction  of  tiie 
metal  ions  is  required  (eventually  in  the  channels).  Chemical  reduction  would 
not  be  favorable  because  of  two  reasons:  1.  such  a  method  forms  a  bulky 
transition  state,  eliminating  a  priori  the  possibility  of  a  reduction  in  the 
channel,  making  diffusion  of  individual  atoms  into  the  channels  necessary; 

2.  even  the  slowest  chemical  reduction  would  occur  at  such  a  high  rate  that 
the  concentration  of  metal  (0)  would  be  so  big  that  crystallization  of  the 
metal  would  occur  ( though  perhaps  only  micro  crystals  would  be  formed)  .  But, 
of  course,  this  definitely  would  inhibit  the  incorporation  into  the  PVA. 

These  two  conditions  practically  limit  the  choice  to  silver,  which  can  be 
very  slowly  reduced  by  light.  Keeping  the  initial  mixture  in  the  dark  for 
some  time  would  allow  a  good  deal  of  the  small  Ag"*^  (1.27^)  to  diffuse  into 
the  channels,  where  they  might  be  reduced  and  locked  (Ag^:  1.44a)  to  form  a 
one  dimensional  "wire."  Indeed,  exposing  a  mixture  a  ^  PVA  solution  con¬ 
taining  ca.  505^  (weight;  in  respect  to  PVA)  of  AgNOs  yields  a  transparent 
blue  solution  after  exposure  to  daylight  for  several  days.  The  intensity  of 
the  color  is  much  less  than  in  the  case  of  the  iodine  inclusion  compound,  but 
its  absorption  maximum  lies  at  lower  frequency,  at  670  nm.  The  appearance  of 
the  absorption  curve  is  very  similar  to  the  one  with  iodine  (broad  "round"  band) , 
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Adding  much  more  silver  nitrate  to  the  PVA  solution  also  produces  the 
same  blue  solution  at  first  but  on  prolonged  exposure  to  light  the  system 
begins  to  become  opaque,  remaining  blue  with  light  falling  through  but 
exhibiting  a  greyish  color  with  light  falling  onto  It. (compare  end  of  section 
2.6)  .  Centrifuging  this  solution  at  ultra  high  speed  gives  a  grey  precipitate 
(still  blue  In  a  very  thin  layer?)  and  the  solution  Itself  turns  clear  and 
colorless.  Whether  this  precipitate  consltutes  free  silver,  or  a  complex,  has 
not  yet  been  established. 

To  determine  whether  an  Inclusion  compound  has  been  formed  It  will  be 
necessary  to  prepare  stretched  films  and  record  their  x-ray  pattern.  But  It 
Is  expected  to  still  be  difficult  to  distinguish  between  a  true  Inclusion 
con^jound,  or  microcrystals  aligned  by  the  stretching  process. 

The  occurrence  of  light  polarization  and  dlchroism  will  neither  tell  anth 
thing  about  which  of  the  two  possibilities  is  actually  present  as  either  case 
will  exhibit  these  effects  (in  the  stretched  form)  (cf.  optical  anisotropy 
of  metallic  surfaces;  gold  microcrystals  In  PVA  films;  V.  N.  Lebedeva  et  al. 
Dokl.  Akad.  Nauk.  SSSR  556  (I966)). 

2.8  A  pgo»e»al.-fogva  sauarvllum  dye  metal  complex 

No  experiments  have  been  carried  out  yet  in  connection  with  the  below 
proposal. 

Two  kinds  of  nucleophilic  substitutions  are  known  on  the  squarylium  system. 
Starting  with  squaric  acid  leads  to  1,5“  substituted  products,  e.g. 

CM 
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Starting  with  the  squaric  acid  diesters  gives  the  1,2-  substituted  forms,  e.g. 


"0  0" 


These  latter  systems  might  behave  similarly  towards  d  -metals  as  the  oxalate 
anion.  In  respect  to  their  complexability  I  would  expect  them  to  be  much  more 
favorable  than  the  system  proposed  in  section  2.2  as  the  negative  charges  will 
be  rather  localized  on  the  oxygens  to  prevent  the  destruction  of  the  atomaticity 
of  either  the  four  or  six  membered  ring.  Hence,  the  affinity  of  the  ligand 
towards  the  metal  cations  will  be  much  greater. 

These  ligands  exhibit  very  high  oscillator  strength  at  reasonably  low 
frequencies,  thus  fulfilling  an  important  condition  for  Little's  model.  They 
are  planar  and  of  about  the  same  thickness  as  the  oxalate.  They  will  allow 
the  polarizable  part  to  reach  very  hear  to  the  spine.  There  will  be  four 
polarizable  units  surrounding  one  metal  atom. 

A  dlssLdvantage  of  this  system  will  be  that  there  is  no  simple  way  to  tune 
it,  i.e.  to  very  the  length  of  the  polarizable  part  (lit.  on  squarylium  dyes, 
cf.  among  others  H.  E.  Sprenger,  W.  Zicgenbein,  Angew.  Chemle.  5‘31  (1967)). 


